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REMAPS 

Cairns 61-63, 65-68, 70~81 7 and 83-103 were pending. Claims 70-76, 78, 82-85, 88-90 
and 92 have been canceled Claim 100 has been withdrawn. Claims 61, 77, 87, 95 and 101 have 
been amended. Claims 104-115 have been added. 

Support for the amendments to the claims can be found in previously pending claims 84 
and 86 and pending claim 90. Further support for the amendments to the claims can be found, 
for example, at page 10 to page 1 1, at page 22 to page 23, at page 45-46, and at page 69 to page 
70. Accordingly, no new matter has been added to the application by way of these amendments. 

The foregoing claim amendments have been made solely for the purpose of expediting 
prosecution of the present application and should in no way be construed as an acquiescence to 
any of the Examiner's rejections in this or in any former Office Action issued in the present 
application. Applicants reserve the right to pursue the subject matter of the present claims prior 
to being amended herein in this application or in another related application. 

In view of the foregoing claim amendments and the arguments set forth below, 
Applicants respectfully submit that the claims are now in condition for allowance. 

Interview 

Applicants thank Examiners Archie and Navarro, and Supervisory Examiner Foley for 
the courtesy of the interview which took place on November 28, 2007. Applicants appreciate the 
guidance with respect to possible claim amendments provided by Supervisory Examiner Foley 
The claim amendments presented herein reflect the discussion that took place during the 
interview. 

The Pending Claims 

In some embodiments, pending claims are directed to a composition comprising an 
amount of a monoclonal antibody effective to treat neonates having a staphylococcal infection 
and a pharmaceuticaily acceptable carrier, wherein the antibody specifically binds to poly- 
glycerol phosphate of Lipoteichoic ^cid (LTA) of Gram positive bacteria with a binding affinity 
of about 10" b M or higher and is of the IgG isotype, wherein the antibody binds to and enhances 
opsonization of multiple serotypes of Staphylococcus epidermidis, coagulase negative 
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staphylocci and Staphylococcus aureus by phagocytic cells with or without complement as 
compared to an appropriate comrol in an in vitro opsonization assay. 

In other embodiments, pending claims are further directed to a composition comprising a 
monoclonal antibody which specifically binds to poly-glycerol phosphate of LTA of Gram 
positive bacteria with a binding affinity of 10 -8 M or higher, or antigen binding fragment 
thereof, and a pharmaceutical^ acceptable carrier, wherein the monoclonal antibody comprises 
the complementarity determining regions (CPRs) of the heavy and light chain variable regions 
of monoclonal antibody 96-1 10 set forth as SEQ ID NO:87 and SEQ ID NO:89. 

Additionally, the pending claims are directed to a composition comprising a monoclonal 
antibody which specifically binds to poly-glycerol phosphate of LTA of Gram positive bacteria 
with a binding affinity of 10"* M or higher, or antigen binding fragment thereof, and a 
pharmaceutical^ acceptable carrier, wherein the monoclonal antibody comprises the heavy chain 
variable region set fonb as SEQ ID NO:87. 

The pending claims are also directed to a composition comprising a monoclonal antibody 
which specifically binds to poly-glycerol phosphate of LTA of Gram positive bacteria with a 
binding affinity of 10 * M or bigger, or antigen binding fragment thereof, and a pharmaceutical^ 
acceptable carrier, wherein the monoclonal antibody comprises the light chain variable region set 
forth as SEQ ID NO 89. 

The pending claims are also directed to a composition comprising a monoclonal antibody 
which specifically binds to poly-glycerol phosphate of LTA of Gram positive bacteria with a 
binding affinity of 10"* M or higher, or antigen binding fragment thereof, and a pharmaceutical ly 
acceptable carrier, wherein the monoclonal antibody comprises a heavy chain comprising the 
heavy chain complementarity determining regions (CDRs) of the monoclonal antibody 96-1 10 
and a variable region having 80% amino acid identity with SEQ ID NO 87. 

The pending claims are also directed to a composition comprising a monoclonal antibody 
which specifically binds to poly-glycerol phosphate of LTA of Gram positive bacteria with a 
binding affinity of 10~ 8 M or higher, or antigen binding fragment thereof, and a pharmaceutical^ 
acceptable carrier, wherein the monoclonal antibody comprises a light chain comprising the light 
chain complementarity determining regions (CDRs) of the monoclonal antibody 96-1 10 and a 
variable region having 80% ammo acid identity with SEQ TD NO.89 
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The pending claims are also directed to a composition comprising a monoclonal antibody 
and a pharmaceutically acceptable carrier, wherein the monoclonal antibody i) specifically binds 
to poly-glycerol phosphate of LTA of Gram positive bacteria with a binding affinity of 10" 8 M or 
higher, ii) binds to and enhances opsonization of multiple serotypes of Staphylococcus 
epidermidis, coagulase negative staphylococci, and Staphylococcus aureus by phagocytic cells 
with or without complement as compared to an appropriate control in an in vitro opsonization 
assay, and Hi) comprises a heavy chain comprising the complementarity determining regions 
(CDRs) of the monoclonal antibody 96-1 10 heavy chain variable regbn set forth as SEQ ID 
NO 87 and having at least 70% amino acid identity with the monoclonal antibody 96-1 10 heavy 
chain variable region set forth as SEQ ID NO; 87, 

The pending claims are also directed to a composition comprising a monoclonal antibody 
and a pharmaceutical^ acceptable carrier, wherein the monoclonal antibody i) specifically binds 
to poiy-glycerol phosphate of LTA of Gram positive bacteria with a binding affinity of 10"* M or 
higher, ii) binds to and enhancers opsonization of multiple serotypes of Staphylococcus 
epidermidis. coagulase negative staphylococci, and Staphylococcus aureus by phagocytic cells 
with or without complement as compared to an appropriate control in an in vitro opsonization 
assay, and iii) comprises a light chain comprising the complementarity determining regions 
(CDRs) of the monoclonal antibody 96-1 10 light chain variable region set forth as SEQ ID 
NO:S9 and having at least 70% amino acid identity with the monoclonal antibody 96-1 10 light 
chain variable region set forth as SEQ ID NO.89. 

Rejection of Rejection of Claims 61, 62, 64-68, Sl r 82, 84-86, 89, 90, 92, 93 trndlOO 

Under Section 102(b) 

The Examiner has rejected claims 61, 62, 64-68, 81, 82, 84-86, 89, 90, 92, 93 and 100 
under § 102(b) as being anticipated by Aasjord et al in light of Roitt et ai This rejection is 
respectfully traversed. 

As set forth above, in certain embodiments, the pending claims require an amount of a 
monoclonal antibody effective to treat neonates having a staphylococcal infection and a 
phannaceuticaily acceptable carrier, wherein the antibody specifically binds to poly-giycerol 
phosphate of Lipoteichoic acid (LTA) of Gram positive bacteria wiih a binding affinity of about 
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10 s M or higher and is of the IgG isotype, wherein the antibody binds to and enhances 
opsonization of multiple serotypes of Staphylococcus epidermidis, coagulase negative 
staphylocci and Staphylococcus aureus by phagocytic cells with or without complement as 
compared to an apptt>priate control in an in vitro opsonization assay. Other claimed 
embodiments require that the antibody share structural features (Le., sequence homology) with 
the 96- 1 1 0 monoclonal antibody. 

For the reasons stated below, it is Applicants' position that the Examiner has failed to 
establish a prima facie case of anticipation. "Anticipation requires a showing that each 
limitation of a claim is found m a single reference, either expressly or inherently/ 7 Perricone v. 
Medicis Pharm. Corp., 432 f .3d 1368, 1376 (Fed. Cir 2005). 

Aasjord discloses two IgM monoclonal antibodies that bind to LTA. In addition, the 
antibodies are not shown to hav$ any of the Junctional or structural limitations required by the 
pending claims. Specifically* Aasjord fails to teach or suggest a monoclonal antibody which 
binds to and enhances opsonization of multiple serotypes of Staphylococcus epidermidis, 
coagulase negative staphylococci and Staphylococcus aureus by phagocytic cells with or without 
complement as compared to an appropriate control in an in vitro opsonization assay, and wherein 
said monoclonal antibody is present in amount effective to treat neonates having a 
staphylococcal infection. Aasjord also fails to teach or suggest a monoclonal antibody, or 
antigen binding fragment thereof, wherein the monoclonal antibody shares structural features of 
the 96-110MAB 

Accordingly, because Aasjord et al y fails to teach or suggest each and every element of 
the presently claimed invention, applicants respectfully request that the rejection under 35 U S C. 
§ 1 02(b) be reconsidered and withdrawn. 

Rejection of Claims 69 76, 91 and 95 
Under Section 102(b) 

The Examiner has rejected claims 69-76, 91 and 95 under §l02(b) as being anticipated by 
. Takada<?rtf/. This rejection is respectfully traversed. 

As set forth above, in certain embodiments, the pending claims require an amount of a 
monoclonal antibody effective to treat neonates having a staphylococcal infection and a 
pharmaceutical^ acceptable carrier, wherein the antibody specifically binds to poly-glycerol 
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phosphate of Upoteichoic acid (LTA) of Gram positive bacteria with a binding affinity of about 
10 s M or higher and is of the JgG isotype, wherein the antibody binds to and enhances 
opsonization of multiple serotypes of Staphylococcus epidermidis, coagulase negative 
staphylocci and Staphylococcus aureus by phagocytic cells with or without complement as 
compared to an appropriate control in an in vitro opsonization assay. Other claimed 
embodiments require that the antibody share structural features (ie., sequence homology) with 
the 96- li 0 monoclonal antibody. 

Takada discloses an JgM monoclonal antibody that binds to LTA (see page 64, left 
column, second paragraph). In addition, the antibody is not shown to have any of the functional 
or structural limitations required by the pending claims. Specifically, Takada fails to teach or 
suggest a monoclonal antibody which binds to and enhances opsonization of multiple serotypes 
of Staphylococcus epidermidis, coagulase negative staphylococci and Staphylococcus aureus by 
phagocytic cells with or without complement as compared to an appropriate control in an in vitro 
opsonization assay, and wherein said monoclonal antibody is present in amount effective to treat 
neonates having a staphylococcal infection. Takada also fails to teach or suggest a monoclonal 
antibody, or antigen binding fragment thereof, wherein the monoclonal antibody shares structural 
features of the 96-110 MAB. 

Accordingly, because Takada et al 7 fails to teach or suggest each and every element of 
the presently claimed inveniion, applicants respectfully request that the rejection under 35 U.S.C. 
§ 102(b) be reconsidered and withdrawn. 

Rejection of Claim 94 
Under Section 102(b) 

The Examiner rejects claim 94 under § 102(b) as being anticipated by Chugh et at. The 

Examiner also rejects claim 94 under 35 U.S.C. 5102(b) as being anticipated by West et al. 

As set forth above, in certain embodiments, the pending claims are directed to 

monoclonal antibodies effective to treat neonates having a staphylococcal infection and a 

pharmaceutical^ acceptable carrier, wherein the antibody specifically binds to poiy-giycerol 

phosphate of Lipoteichoic acid (LTA) of Gram positive bacteria with a binding affinity of about 

10"* M or higher and is of the IgG isotype, wherein the antibody binds to and enhances 

opsonization of multiple serotypes of Staphylococcus epidermidis, coagulase negative 
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staphylocci and Staphylococcus aureus by phagocytic cells with or without complement as 
compared to an appropriate control in an in vitro opsonization assay. Other claimed 
embodiments require that the antibody share structural features (i.e., sequence homology) with 
the 96-1 10 monoclonal antibody. 

The Chugh and West references, which each disclose polyclonal antibodies, fail to teach 
or suggest each and every element of the presently claimed invention. Specifically, each of the 
references disclose polyclonal antibodies and fail to teach any monoclonal anti-LTA antibody, 
let alone any monoclonal anti-LTA antibody having the functional or structural properties 
presently claimed Applicants respectfully request that the rejection under 35 USC § 102(b) be 
reconsidered and withdrawn. 

Rejection of Claim* 61, 62, 64-67, 81-90, 92, 93 and 100 
Under Section 102(b) 

The Examiner has rejected claims 61, 62, 64-67, 81-90, 92, 93 and 100 under §102(b) as 
being anticipated by Hamada et al in light of Roitt et aL This rejection is respectfully traversed. 

As set forth above, the pending claims are directed to compositions comprising an 
amount of a monoclonal antibody effective to treat neonates having a staphylococcal infection 
and a pharmaceutical^ acceptable carrier, wherein the antibody specifically binds 10 poly- 
glycerol phosphate of Lipoteichoic acid (LTA) of Gram positive bacteria with a binding affinity 
of about IV* M or higher and js of the lgG isotype, wherein the antibody binds to and enhances 
opsonization of multiple serotypes of Staphylococcus epidermidis, coagulase negative 
staphylocci and Staphylococcus aureus by phagocytic cells wth or without complement as 
compared to an appropriate control in an in vitro opsonization assay. 

The Hamada reference describes anri-LTA monoclonal antibody 3G6. As set forth in 
more detail below, not all monoclonal antibodies, let alone monoclonal antibodies with binding 
specificity to LTA, enhance opsonization of bacteria, let alone enhance opsonization of multiple 
serotypes of both coagulase positive and coagulase negative, i.e., Staphylococcus epidermidis 
and Staphylococcus aureus, with or without complement. 

The Examiner states that the 3G6 antibody disclosed by Hamada et aL would inherently 
opsonize gram positive bacteria in light of the teaching of Roitt However, the Examiner's 
statement that "antibodies inherently have the ability to opsonize bacteria by virtue of their 
binding" is incorreci with respect to anti-LTA antibodies Under principles of inherency, "if the 
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As inherency may not be established by probabilities or possibilities, Applicants 
respectfully submit that the claimed functional properties are not inherent in all antibodies, and 
specifically not inherent in the antibodies in the cited an 

Moreover, the Haraada ft al, reference itself casts doubt on the ability of the 3G6 
antibody disclosed therein to bind to poly-glycerol phosphate of Lipoteichoic acid (LTA) of 
Gram positive bacteria with a binding affinity of about lO^Mor higher or to bind to and 
enhance opsonization of multiple serotypes of Staphylococcus epidermidis, coagulase negative 
staphylococci and Staphylococcus aureus by phagocytic cells with or without complement as 
compared to an appropriate control in an in vitro opsonization assay, or to be present in an 
effective amount to treat neonates having a staphylococcal infection. The reference provides 
aggregation data showing the reactivity of the 3G6 monoclonal antibody with various strains of 
bacteria As the aggregation data show, the 3G6 monoclonal antibody aggregates or agglutinates 
some but not all species and serotypes of Gram positive bacteria and more specifically, some but 
not all strains of staphylococci. Hamada et al notes that certain Gram positive bacteria, more 
specifically some strains of staphylococci, were not agglutinated by 3G6 and postulate that this 
lack of agglutination indicates that the antibody binds to an epitope exposed to a different degree 
on the outermost layer of different bacterial cells (see p 1 020 of the reference). Thus, the 3G6 
antibody appears to bind to an epitope which is riot accessible on all bacterial species. It is 
known in the art, however, that antigen accessibility is critical for an antibody to effectively 
protect, i.e., opsonize, against bacterial infection (see, e.g., Gor etal Infect Iramun 2005 
Mar;73(3): 1304-12, attached as Appendix D). Gor et al report that mice with antibodies to 
PsaA or PpmA did not provide protection, whereas mice with antibodies to PspA or type 3 PS 
provided protection from systemic challenge with type 3 pneuraococci. Gor et al confirmed that 
while PspA was readily detectable on the surface of pneuraococci, PsaA and PpmA wre not 
readily detectable on the surface, thus indicating that antigen accessibility is critical for an 
antibody to effectively protect, i.e., opsonize. Gor et aL concludes that suitable candidates for 
vaccines are antibody-accessible antigens capable of supporting opsouizatioa Thus, the 3G6 
antibody appears to bind to an epitope which may not be sufficiently accessible to support 
opsonization of the majority of strains of staphylococci. 

Further, the heterogeneity in functional activity displayed by the 3G6 antibody indicates 
that the antibody is not appropriate for therapeutic use, e.g., for treating neonates having 
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prior art necessarily functions in accordance with, or includes, the claimed limitations, it 
anticipates " MehVBiophile Int'l Corp. v. Afifa5rflwit,192F.3d 1362, 1365 (Fed Cir 1999). To 
show that the prior art ^necessarily 77 functions in accordance with, or includes the claimed 
limitations, one must show more than a mere probability or possibility of the inherent feature's 
existence. See SmithKlim Beecham Corp. v, Apotexlnc, 403 F.3d 1331, 1346 (Fed. Cir. 2005) 
Therefore, "[i]nberency . may not be established by probabilities or possibilities. The mere 
fact that a certain thing may result from a given set of circumstances is not sufficient." 
MehVBiophile, 192 F3d 1362 at 1365 (emphasis added) (quoting Hansgirg v. Kemmer 7 102 F.2d 
212,214 (CCFA1939)). 

As set forth in more detail below, it cannot be established that all monoclonal antibodies 
are opsonic and consequently protective, 1 As set forth in the Amendment and Response filed on 
August 23, 2007, at the time %hc application was filed, the an taught that anti-LTA antibodies 
were not opsonic. Takeda et ai. published that antibodies to teichoic acid afforded no protection 
against bacteremia, whereas antibodies to PS/A effectively protected against bacteremia 
(Circulation 86(6) 2539-2546 (1991); attached as Appendix C). See, e.g., page 2542-43 of the 
reference which shows that immunization with S. epidermidis strain SE360 which expresses a 
teichoic acid (see page 2540), used as a control, provided no protection against bacterial 
endocarditis. Kojima etal (Journal of Infectious Diseases 162.435-441 (1990); attached as 
Appendix B) similarly report that antibodies to teichoic acid, actually used as a control, afforded 
no protection against bacteremia See, e.g, page 438 of the reference which shows that 
immunization with S. epidermidis strain SE360 which expresses a teichoic acid (see page 436), 
used as a control, in fact, provided no protective efficacy on dissemination of coagulase-negative 
staphylococci from an infected catheter. Further, Fattora et ai show that anti-teichoic acid 
antibodies, used as a control, lacked opsonophagocytic activity, whereas antibodies to capsular 
type 1 and type 2 exhibited opsonophagocytic activity (J. Chn. Micro. 3 0(1 2): 3270-3 273 (1992), 
attached as Appendix A). See, e.g t Figure 2 on page 3272 of the reference which shows that 
anti-teichoic acid antibodies were used as controls and showed no opsonophagocytic activity 
Thus, the functional properties of the presently pending claims are not inherent in all antibodies. 



1 Opsonic activity of an antibody is jwediciivc Gfihe ability of an aniibody to confer protection (see e.g., Henckaerts 
Vaccine 2007 Mar 22;25(13);251 8-27) 
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staphylococcal infections As many different strains of Staphylococci are typically isolated from 
individual neonates, in order to be suitable for treatment of neonates having a staphylococcal 
infection as required by pending claim 61 7 an antibody would have to have uniform binding and 
opsonization characteristics for the majority of strains of Staphylococci As evidenced by the 
aggregation data, the 3G6 antibody does not have such jmiform properties 

In addition, the Hamada et al fails to teach or suggest a monoclonal antibody which 
binds to poly-giycerol phosphate of LTA with a binding affinity of about Iff 8 M or higher. The 
reference also fails to teach or suggest a composition comprising an amount of a monoclonal 
antibody effective to treat neonates having a staphylococcal infection The Hamada et at. 
reference also fails to teach or suggest a monoclonal antibody having the structural properties 
required by claim 77, the claims that depend therefrom, and new claims 104-1 15. 

Roitt does not make up l or the deficiencies of the primary reference. The Examiner relies 
on Roitt as teaching that "antibodies inherently have the ability to opsonize bacteria by virtue of 
their binding. . . to a large extent as compare [sic] to the absence of any opsonin (see page 1 6 of 
the Office Action dated February 23, 2007). However, as set forth above and as illustrated by 
the references supplied with this Amendment and Response, not all antibodies have the ability to 
opsonize bacteria. 

Accordingly, because Hamada et aL 7 fails to teach or suggest each and every element of 
the presently claimed invention with certainty, applicants respectfully request that the rejection 
under 35 U S C. §102(b) be reconsidered and withdrawn. 

Rejection of Claim 94 
Under Section 103(a) 

The Examiner has rejected claim 94 under §103(a) as being unpatentable over Aasjord et 
qL in view of Hamada et ah and in view of Schwarzberg. This rejection is respectfully traversed. 

The test for prima facie obviousness is consistent with the legal principles enunciated in 
KSRlut'lCo. v. Teleflexlnc, 127 S Ct 1727 (2007). Takeda Chem. Indus., Ltd v. Alpharma 
Pty., Ltd., 2007 U.S. App. LEXIS 15349, at *13 (Fed Cir. 2007). "While the KSR Court rejected 
a rigid application of the teaching, suggestion, or motivation C'TSM") test, the Court 
acknowledged the importance of identifying 'a reason thar would have prompted a person of 
ordinary skill in the relevant field to combine the elements in the way the claimed new invention 
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does' in an obviousness determination." IcL at *13-J4 (quotingXSK, J27 S. Ct aT 1731) 
(emphasis added). Although the TSM test should not be applied in a rigid manner, it can 
provide helpful insight to an obviousness inquiry KSR, 127 S. Ct. at 173 1. The K$R Court 
upheld the secondary considerations of non-obviounsess, noting that there is "no necessary 
inconsistency between the idea underlying the TSM test and the Graham analysis." Id 

The subject matter of the pending claims is set forth above. As set forth above, Aasjord 
et al. fail to teach or suggest ami-LTA antibodies of an IgG isotype. Hamada et al. fail to teach 
or suggest anti-LTA antibodies having the claimed functional characteristics and Schwarzberg 
fails to make up for this deficiency. The Examiner relies on Schwarzberg for the teaching that 
fragments retain a high degree of specificity and affinity. However, the only claims that read on 
fragments of antibodies require a degree of structural similarity to the 96-1 10 antibody. 
Antibodies having structural similarity to the 96-1 10 antibody are not taught or suggested by any 
of the art of record. 

In summary, Applicants respectfully request that the rejection of these claims in view of 
Aasjord et al, Hamada et al and Schwarzberg be reconsidered and withdrawn on the grounds 
that there is no reason to combine the teaching of Aasjord et al, Hamada et al and Schwarzberg 
Notwithstanding the lack of reason to combine the cited references, the references, alone or in 
combination, do not teach or suggest each and every element of the claimed invention 

Rejection of Claim 95 
Under Section 103(a) 

The Examiner has rejected claim 95 under § 103(a) as being unpatentable over Takada et 
al in view of Hamada et al Tlds rejection is respectfully traversed. 

Claim 95 is directed to a pharmaceutical composition comprising an effective amount of 
an antibody of claim 77, for use in a human neonate Claim 77 requires that the antibody has the 
CDRs of the heavy and light chain variable regions of the monoclonal antibody 96-1 10 set forth 
as SEQ ID NO 87 and SEQ ID NO:89. 

As set forth above, Takada et al. and Hamada et al fail to teach or suggest an antibody 
having the required degree of structural similarity to the 96-1 10 antibody. 

In summary, Applicants respectfully request that the rejection of these claims in view of 
Takada et al and of Hamada et al be reconsidered and withdrawn on the grounds that there is no 
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reason to combine the teaching of Takada et aL and of Haraada et al Notwithstanding the lack 
of reason to combine the cited references, the references, alone or in combination, do not teach 
or suggest each and every element of the claimed invention 



SUMMARY 

If a telephone conversation with Applicants' Attorney would expedite the 
prosecution of the above-identified application, the Examiner is urged to call Applicants' 
Attorney at (617) 227^7400. 



Dated December 4, 2007 



Respectfully submitted, 




Megan £. Williamsy 
Registration Wo : 43,270 
LAfflVE & COCKF1ELD, LLP 
One Post Office Square 
Boston, Massachusetts 02109 
(617) 227^7400 
(617) 742-4214 (Fax) 
Attorney/Agent For Applicant 
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Appendix A 



Jouwnjh- Of Cunical MicrcwiOijOCY, Dec. 1992, p. 3270-3273 

OQ95ai37/g2/I25270-04$02.0(yQ 

Copyngftt © 1992, American Soacry tor Microbiology 



Vol. 30. No. 12 



Capsular Polysaccharide Serotyping Scheme for 
Staphylococcus epidermidis 

AU FATTOM. 1 - SARA SHEPHERD, 1 aMD WALTER KAKAKaWa* 
t/iwot Biologies, Rockwlle, Maryland 20852, 1 and Oepanmeni of Biochemistry, 
PennsytvQn^ State University, Uwvtrsuy Park. Pennsylvanu* J68Q2* 

Received 8 J«nt 1992/Acccpted 3 September 1^2 

A scheme Tor the capsular typing of Staphylocuccus epidermidis that U bas*d uo direct slide agglutination 
between protelrroe-treated bartcrta! cells and speewe autiscm is described- Aotjtera wer* prepared from 
serum from rabbit > immunised with two ^elected strains of encapsulated S. epidermidU Isolated from 
bactereroic padrAis. Antl*er» were shown to be type specific and debated type 1 and type 2. Blood Males 
q f 5. «pidermidis from hospitals in different locations within the Untied States and Europe were serotyped, and 
it was found thai over of ail strain* were of type 1 or type 2. Type-specific antibodies mediated type-speciftc 
opsonopnagDcytosis add Wiling of S. epidcrmidh. The specificity was shown to be don to two distinct capsular 
polysaccharides. The data presented in mis report may open a new window on toe pathogenesis of S. 
epidermidis which could iead to the development of new vaccines and therapies. 



For a lone lime, coagulase-uegative staphylococci, espe- 
cially Staphylococcus epidcrmtdts, wcie recognized as nor- 
mal skin commensals and were considered contaminant* 
rather than true pathogens. Bacteremia due to this organism 
was attributed to skin carnage (17). In recent years, S. 
eptdermkU? has emerged a* a leading cause of nosocomial 
infections (18). Immunocompromised neonates, patients un- 
dergoing chemotherapy, and other patients with indwelling 
medical devices are at nigh risk for con tract mg S- epidertm* 
dis bacteremia (5-7, 11, 12. 14). A recent report indicated 
that such epidemics, can often be traced to medical personnel 

Shme production and secretion wew suggested as major 
mecnanism* facilitating adherence to catheters and other 
medical devices, thus shielding the bacteria from being 
phagocytoscd by polymorphonuclear leukocytes (PMNs) 
12-4). These reports suggested 4 that slime was a virulence 
factor and a possible protective antigen. However, data on 
slime as a virulence factor in vivo arc sull equivocal. 
Recently, KotUamen showed that adherence and shme pro- 
duction by S. epidermidis did not correlate with virulence; 
half of the septicemic cases were caused by non-sumc 
producers (10). Moreover, a recent report by Patrick et al. 
(tt) showed that slime production did not increase ibe 
infectiviiy and bacteremic occurrence of S. cputermutis 
compared with those of non-stone-producing isolates, de- 
spite the fact that slum-producing isolates were more adher- 
ent to catheters. Piffercnt surface components, such a* 
capsular po|y*accharidc-adhesin (9, 20), or 200- to 220-kDa 
protein, were proposed as adherence factors for S. epider- 
midis (19). The significant findings thai actrve immunization 
with the capsular porysaccharidc-adheim protected animals 
agamsi challenge with the homologous strain and that anti- 
bodies to the capsular material mediated lypc-spccinc 
phagocytosis suggest that the pathogenesis of S. epidermidis 
may be similar to that of other encapsulated gram-positive 
cocci, i.e., Staphylococcus aureus and Streptococcus pneu- 
moniae (8, 16). 

In dus report, we present a achcrae for serotyping Dlooo 
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isolates of S. epidermidis and other significant clinical iso- 
lates. This scheme is based on immunological identification 
of capsular polysaccharide surface antigens. 

Vaccines for the production of typing sera were prepared 
from rwo blood isolate prototype strains, designated strain 
526 (type 1) and strain 5*8 (type 2). Their identification as S. 
vpidemudis was confirmed in our laboratory by using API 
STAPH Trac (Apl Analyxab Products, Division of Sherwood 
Medical, Plamvicw, N.Y.) and the coagulase test (Rcmel 
i-aboraiorics, Lcnexa, Kans.). Both prototypes were shown 
to be encapsulated as evidenced by two criteria, resistance 
to in vitro phagocytosis by PMNs in the presence of ami- 
teichoic acid scrum and lack of agglutination with ami- 
glyceraMciehoic acid serum. Strains were grown on Colum- 
bia medium (Difco Laboratories, Detroit, Mich.) agar plates 
supplemented with 4% NaCl (CSA) under 5% C0 3 at 37°C 
tor 18 h. Cells were washed off the agar plates with 20 ml of 
3% formalinued phosphate-buffered saline (PBS). pH 7.2. 
After dispersion of cell clumps by gentle mixing with a glass 
rod, the suspension was centnfuged and the pellet was 
resuspended m PBS, washed once, and resuspended in 0.5% 
formabnized PBS at a final concentration that gave an optical 
density reading of 0.6 at 500 nm in a 1.0-ml cuveite. Viability 
checks were made with CSA plates that were incubated at 
3TC. Io addition, cell suspensions were subjected to direct 
cell agglutination tests against anti-teicboic acid serum, a 
titer of 20 was considered to be indicative of encapsulation, 
and vaccines with this titer were stored at 4*C. New Zealand 
White rabbits weighing 6 lb (ca. 3 kg) were immunised with 
prototype vaccines. A quantity of 10 ml of pre immune blood 
was obtained and tested againsi purified teichoic acid. Rab- 
bits considered normal were subsequently immunized as 
follows. During die first week, a 0,1-ml subcutaneous injec- 
tion was followed by rwo 0.1-ml intravenous injections. 
Thereafter, the animals were immunaca intravenously three 
times a week with doses of 0.2 mi. followed by 0.3 ml the 
next week and finally 0.4 ml for the subsequent week. Five 
days after the last injection, blood samples were taken and 
tested by the direct cell agglutination test employing homol- 
ogous vaccines. When agglutination liter* were 1,280 or 
higher, the animals vwere exsanguinated and sera were col- 
lected and stored at 4'C under Sterile conditions. 
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Nonencapsulatcd strain 90 and anii&enun-absorbing 
straws were grown in 1 liter of trypucasc soy broth and 
incubated tit 3T*C for U b with constant aeration. Cells were 
killed by being heated at 70PC for 4 h and then ceprnfuged 
and rc&uspended in 100 ml of PBS, The resulting suspension 
was treated with 10 to 20 >ig of trypsin (Sigma) per ml and 
incubated at 3T*C Iwaier path) tor 2 h in ihe presence of a 
small amount of chloroform, Subsequently, the treated cells 
were ccntnfuged, washed three times with PBS, and rraalry 
packed in graduated Core* cewnfuge tubes. Aniisera were 
absorbed by using 1 volume of packed cells per 2 volumes of 
whole serum and gentry surong with a glass rod. After 
complete dispersal of eel] clumps, the suspension was stored 
at 4"C overnight and subsequently ccntntu&ed and the scrum 
was decanted and stored in 0,02% sodium azidc at 4°C. 
Residual iwchoic acid antibodies in absorbed typing sera 
were measured by the direct cell agglutination method, with 
nonencapsulatcd strain 90. 

Whole-cell antigens for the agglutination procedures were 
prepared as follows. Bacteria were iuoculaicd on CSa plates 
at 3TC for 10 h under S% CO* tension. Cells were collected 
by ccnrrifug&i ion, washed in PBS, and resu&pended in 5 ml 
of PBS. The cell suspension was then treated with proteinase 
(Sigma) at a concentration of 10 to 20 |*|/ml. After 2 h at 
37°C, cells were collected by centrirugaiiorn washed in PBS, 
resuspended in 10 ml of PBS with 3% formalin, dispersed 
with a Vortex mixer, and incubated at room temperature for 
18 h- The cell* were washed once with PBS and resuspended 
in 10 ml of PBS. and the density of the suspension was 
adjusted to an optical density at 550 nrn of 0,6 to 1. 

Twofold dilution^ of antiserum in PBS were prepared. A 
5->4 sample of each serum dilution was placed onto a 
microscope slide and mixed wrtn a wooden toothpick with 5 
ii4 of cell suspension. Agglutination was determined visually 
after 1 mm. 

The »hde agglutination test showed thai strain 526, the 
type I strain, and strain 548, a type 2 strain, were type 
specific as evidenced by the agglutinability of cells only with 
the homologous bacteria. The antiserum-agar technique (15) 
revealed that the type specificity of the ajitiscra was based 
on surface capsular antigens. As shown in Fig, 1, strain 526 
(type 1) grown on homologous serum-agar plates (Columbia 
agar plus 5% specific scrum) secreted capsular antigens 
which formed a precipitin halo around colonies of" type 1 
ceils. Strain 526 grown on type 2 semm-agar plates was 
negative for a precipitin halo. Strain 480 (type 2) did not 
snow a distinct halo in either homologous or heterologous 
serum-agar plates. Accordingly* the capsular polysaccha- 
rides were prepared primarily from growth medium of type 1 
and ceil paste of type 2. 

The surface nature of ihc rypc-spccific antigens of typca 1 
and 2 was confirmed. Cell preparations of type 1 and type 2 
cell* were autociaved for 20 min at 121°C to remove capsular 
antigens and subsequently subjected to agglutination with 
anti-tcichoic add serum. Autoclavcd cells lost their aggluti- 
nating acrrvity, indicating that autocluving removes appre- 
ciable levcb of type -spec ihc antigens and results in exten- 
sive cross-rcacrivtty between treated cells and heterologous 
antiserum and antvteicmne acid serum (data not shown). 
These observations suggest that the type speculdry of this 
ryping scheme for s. eprtermtdv is dependent on a surface 
antigen or capsules. Preliminary rcsulu>, including reduction 
of carboxyl groups, migration in an electrical field, and liquid 
chromatography of nydrolyzcd polysaccharides, suggest 
that these capsules are acidic polysaccharides consisting of 
aminouronic acids and amino sugars. In vitro phagocytosis 
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FIG. 1. S. epiOcrmidis type 1 and type 2 powtb oo Columbia 
agar pUtes containing raonu type 1 or type 2 antfeerum- Strain* 52b 
and 4*0 were strewed on Columbia agar plates comainwa the 
appropriate rabtui antiserum and incubated overnight at 37°C in a 
5% COs atmosphere. Strain 52a (type 1) wa* inoculated onto plate a 
containing 5% rabbit aoti-rypc 1 serum, and strain 4$0 (type 2) 
streaked pdTo plate B containing S% rabbit ann-type 2 scrum. 



studies support the notion that these capsules are type 
specific and can impede phagocytosis by PMNs. Figure 2 
shows that homologous type 1 serum was effective in op- 
sonizing rypc 1 ceils but not type 2 cells. Type 2 antiserum 
was effective In opsonizing homologous cells only. 

Punned capsular polysaccharides from type 1 and type 2 
cells were run in tmmunodifiusion (Fig. 3). Type 1 gave a line 
of precipitation with ami-type 1 sera only. Type 2 polysac- 
charide gave one line of precipitation with type 2 antisera. 
These results indicate that the typing sera are specific to the 
capsules and that these are two distinct non-cross-reactrve 
capsular polysaccharides. Moreover, other copunfymg 
polysaccharides reacted with both type 1 and type 2 anttsera, 
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FIG 2 Ottfoaopnagocyqc aeuviry of* tpvtermtx* rypc 1 (A) and type 2 (3) rabbit anybodies. The reaction mixture contained 10* human 
PMNs -IIP orgftnwros (straw 526 for type 1 ane strain *W for type 2), and 10% *eruin- The reaction was earned out »i 37*C wnb gentle 

60 aX*> 1 drtuted « Ji^and plated on Columbia agar plates . V,abje eounts w.r. recorded after 
24 h of incuitfiofi ai 3TC and 5% C0 2 . Anii-teichoic acid and anu-Jr^pAV/PCocr^jr homuus were used as controls. 



indicating the possible presence of stared polysaccharide 
antigens for all S. tpiderrmftts organisms which may be 
referred to as common antigens. These data may explain me 
contradicting results regarding S. epidenwdis serotyping (9), 
Using these sera and semm from a noncncapsulated 
strain, wc Typed 5. eputen/udis dinic?4 Isolates from differ- 
ent hospitals within the United Stan;a and Europe. Data 
shown in Table 1 demonstrate that more than 90% of 
bactcrcrnic isolates were of cither typo 1 or type 2. Of the 
isolates, 77% were of type 2 and 14% were of type I. The 
remaining nonrypcable 9% could be of other capsular types. 
This distribution was found also with other clinical isolates 
from catheter- and other medical device-related infections 



(data not shown}. Further studies have been initiated for the 
chemical characterisation of these capsules. Moreover, 
since antibodies to these capsules mediated opsonopnago- 
cytosis and killing of the bacteria by human PMNs, we are 
investigating the possibility of using these polysaccharides 
as vaccines for passive or active immunization. 

Bacteria) isolate* were loudly supplied py Frida Stock and Vcc J 
Cili from the Microbiology Service. NIH, Betbcsda, Md., WMam 
Bartholomew, Va Medical Center, Kansas City, Mo-; Jennifer 
Susan Paly, The Medical Center of Genual Ma^aepunctis, Woicca- 
Irr, Mass.; and Ian Philips, Department of Microbiology, St, Tho- 
rn** Hosptiaj. London, United Kingdom. Joan Brisker confirmed 
the idcntiftcaiion of ihe isolates. Wc «rc gratefuJ to Joan Robbm^, 





FIG, 3. Double inununodulvston of * cptdcrm&x capsular poly- 
saccharides, Punnea capsular polysaccharides (°- 5 mg/mJ) were 
placed m the central w*Us (type 1, left, and type 2. right). Rabbn 
anti-type 1 ana anu-type 2 annsera were added to wells A and V. 
respectively Tnc plates were rocupatco overnight at VC 



TABLE 1. Capsular type* or S, tputermutv bactcrernie 
isolate* trom patients 







NO. Of tfOJllC* 




t_ociTiffn 


Tow 


Typo i 


Type2 


Nontypc«Dic 


B^mcsda. Md/ 


2V 


3 


23 


3 


Kan*™ City, Mo/ 


13 


0 


12 


1 


Worcester, MaSS/ 


10 


I 


a 


1 


London, Unrted Kingdom 4 


39 


9 


27 


3 


Tot-I (%) 


91 (100) 


13 (14) 


70(77) 


b(9) 
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a „«hodv to tlw Capsular Rrfysaccliaride/Adhesin Protects Rebbiu agate* 
a££. tola*d S^nto^eTco W a M e-N« g «Jve Staphylococci 



Ybshifuml Kojfam," MasnWro Ityo,* 
Donald A. GoMokhpi lb* **• lb*****' 
and Gerald ». Pier 



Jta* Ox**** W*»i**y Pqmmefu qf *c#cu*.*i&am and 

***** «* **** 2^?J?T7Z?Js 



to jecer* years rwjnerottsir^^ 
The apparent increase in the incidence co^gulasc-negatjvc 
jumhy tococeal infections associated tawavascular caih- 
«Sv8Dd prosthetic devices p~4j . C^gul^^Uve staph- 
ylococci ait major romponfflta of rhc normal sign flora ana 
arc vmuaBy incapable of producing toftewni^^^ 
of a foreign body. In the presence of a foreign body, however, 
they are formidable pathogens. 
■Hms uirarac association beP**en poaguJase'-negBJi ve staphr 



^3^^^Jtr^ok arid In* to PS/A. PS/A tommfcstfou, bur not **bofc acid 
^^^SdST«d»l^ the tommm* respoiuc* fo *fcholc add . Pssstv* iaftaton of 



We previoq^y descried 
fromashrac-proaiCi^ 
PJ^, which appeamoter^ 

staptylococcal foreign body adbesin [61- fa vttro, purified 
PS/a and antibody raised to PS/A inJwbiwd adherence of 
homologous and toerojogoiw adbcsoH>o»tive coagulasc- 
negative staphylococci strains to silicon-elastomer catheter 
cubing in » dose-response fashion [6]. Mow clinical isolates 
of the staphylococci were fbwnd to produce ariadhcsinsero- 
logically indtsdng^isbable from *e poiyaaccbande purified 
from strain RP62A J7J* 

Tbcae observations suggest ibax irnmunodierupy directed 
specifically against PS/A mis* hevenmletattocprwwwou 
of coagulase-ncpmve ^ptylococcaJ infection* by tobib?ong 
trrrarrrmrre of hamria to foreign bodies. However, the parte- 
genesis of coagolaao-ne^dve staphylococcal tofecttaus un- 
doubtedly is complex, Involving initial attachment, durable 
colowadoa, bacterial muWpficarion, and, ultimately, inva- 
sion of rbe bloodstream, linked, catheter wl o ai z a ricm result- 
ing in eoagulasc-negative «ar^rylocoocal bacteremia occurs 
in only a ininority of patients with infecied catheters, indicat- 
ing that colonization is necessary, but not sufficient. fo r dis- 
ease [8-10]. Thus it is reasonable that a focus for disease 
prevention might be interference with Woodbomc dissemi- 
nation after coagulase-negstive staphylococci have become 
established on the foreign body surface, not just inhibition 
of the attachment process iraeif 

lb investigate these aspects of immunotherapy we devel- 
oped a rabbit model rfhuravascular catheter infection, which 
we used to detenmne whether antibody again*! polysapcba- 
ridc/adhesin (PS/A) can protect animals against coagutesp- 
wgarrve susprry kicoccal c^^ 

evaluated preliminary evidence regarding enhanced opsono- 
phagocyrjc killing of coagulase-ncgadve staphylococci. 



staphylococci hove a special ability to adhere to and colonize 
plastics and other prosthetic mawrialB. fa studying dus cri- 
tical first step in the paiho^coesis of coaguiasc-nega»vc 
swrtolococcal infection, attention ha* focused on ine surfece 
properties of these organisms d^mii^t mediate attachmem 
io foreign bodies. Sorne strains of coa^ulase-negadve staph- 
ylococci, particularly isolates from foreign body infections, 
elaborate an extracellular ^rt^me w (5^ bwtheprecteerokof 
dug complex material in mcdiffring adherence remains unclear 
despite considerable urve^tigarion. 



Ascmi Md ChSs^erspn. October W U» Angles latarrvt 37S>. 

wwHviua hwnw» ^SS^L^S^^^^L^ 

5^pp«c NrtowOtortiMWof H«»a<AI-2W3S) ; AwrtwHwn 
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Saaeriat inate and antigens, S. cptfcnri&i frtreins K* 62 *' 
RP12 a^SE360twvtb««ac^^W«to»^ W **toam 
our pwwl teport 16] Cheated that ktto ^2 4j4 n« p«*we 

jort^yktaB^iou*»Acfs«w 

ps/A production by strein RPI2 sheared to be due to itaerfering 
gupsuicesw the crude 

sxraiU- S> epidArrnkfts itnun SE360 expresses & leicboic acid OA) 
and several wK*ar^ri^ 

to that of man RP62A, butfeibto d«ck antibody toFS/A (see 
bdow), & c*io*nredu i»wM33, aclinic*! w^ftw* paiew 
uafcttDioj chronic pe^ 

S. Eiseoneis (Monrenoic Mwftcal a«w^ Bn«irNy)- T1u« OTbl 
wesdrt^rinmcotobeui^ 
rq.puilacWdctretabkpfOd^ 
wihtf aiw»W*2A. Cap^potysnofcwide^ 
«a» jw«p*«*d w dwribed {6]- 
ptfyetowl and monoclonal wtiibofrs wd assays for anttixxt- 
Us. JUbbtawcrchyperunn^ 

subcutaneous iiNoiis oUOO j** from strain RFttA 

cmuutfed Jo complete Fieund* adjuvant. Awwnwot obtained 
(ioio the ear anciy and far antibody w PS/A and purifted 
TA wring caber en EU5A or inunvnodiffunon as dct*cribcd [12], 
The BU5A ras pwified PS/A or TA [6] at ft poqcowwwm of 10 
nsvm in 004 *f phosphate btnfe, pW 70. to *en*W*c plate* for 
3 b at 37* C, then cwnighi at 4°C, after wluc* plates ate blocked 
for 1 b at 37»C then ownugfrt at 4«C with 3 p asteu ri zed titim 
mu% Addition of arise** and conjugww tolled wwid^ |^ 
loct&usu^fmwipki^^ 
and 5% An tni*\ 

Cotgugatw were usually ihe appiopns* i mflTimrnrw tfoPWffl cou- 
plea io aHrelme phoffpnwBiP and natcpona were read after 30-90 
minat37 a C After unrntrnw**, sen woiia^u^^nmpw 
of pa> and postramutfaniou *m stein^ « a dibuw c*M:ioa 
After tofcepan, sere were tested et <Wuuon» of V\Q or IU0O only 
ondemnpaicostatisT^ 

tolanMP on of the infected catheter toa>sW sere were meaiured 
w ,ripSe*xc,*ndrn^ 



MawcUw#l aunbo4i« *trc prepared using ttwdard ttchnutw* 
[131 after hynrnr w " i m winn rfBALBfc mice with whole. bBKHcOUad 
cells of* ejrfdV/mMfcr wrew RP6ZA. Wc used one PS/Arspocific 
done, designate* FW, which yieUledanlgM »tnc^ 
*v* therapy the enrfoody w<)bianxdl«wwciw»fi^ 
by ammonium ***** prenpunm and dttytu against PBS. 

^frrcerereto. spice™ elasioincrcetb^ 

Tmpr » ff rfr»ai r San Aflflma Tift were dinned for IS nun m a anfr- 

pe^jonofKPcfWmiofS:*/^^ 

nipdiMely iinoine ri^ 

wi«J mff "TiT r (4G TOg/k^ KctaUr; PwJcd-D^^ Mpttc PUm»> NJ), 
4nd xylasne GO tonpon; Mobay, Shawpee, KS). For io- 
senion, die iie^ am was Dhavc4 an^ 

facWon wmedc weap^ 
dwB wna men peffonned and *e tofix^ ecJ of ine calnctcr in- 



sened 4-5 cm into the vein- The jnrwinal end of the tubing wai 
macbod to a wrtxwttmocw* oanioite prop CAte inodel 2MU; Aire, 
Palo Abo, CA) flUed wiA 2 niJ of lOyOOO niurs/ml heparin* which 
was delivered couufluaasly fat 7 day§ at a flow of MO jd/b. The 
ear waa diaintecd wuh iodine and IQ ml of blood w» drawn fctwn 
the ear wio for ihc ftm days and ihen on atenw* day* for Uve 
nod 7 days. Five milinftrn was uaed for blood culmring and ibe 
ics? prepared as scrttro and awwd at -20°C for anObody *tJ*!y*ii 
and seiuw chenname^ Rec^ 

for 7-8 fl^i and ihen on ahemwc dava. After 14 day* The rebbus 
were wcrifiqed, and caihctcrs were cuJuntd senia^uandiaiivvty by 
the method of Main et al. [8], Eypcrimcniaj pretocoU ware pcr- 
fornxdusii«giot^of4^rebbil»c^vaUy divided ber*een P5/A-, 
TA-, and a^vvant-iinmuiiized animals. 

Dawnarion cfteaervmia. Blood (5 ml) from *e ear vnft 
ww added in 50 ml of trypnc »oy bnxh oonuinina Oitt* 
poJy?»alKtoolfo»k: acid tSPS) and ipcwbwoJ fei up to 10 days al 
37°C Roudne subenhuro woreinndeonijypiicaoyai«a»\)a^ 
posmvc grow* checknd by cotowal nephology, Grenrt «am and 
by flooding inc plaic whh o-pbenyl phosphate w> atci aDaimo- 
pho9ph2U6C aoivir>. Strain RP62a dOc& not make alkaUne phos- 
ph«wse,afoaTureofonly l*of5L cpbkm^viw* pj, whereas 
5niBB BP12 and M33 are poatdvc for aUalwe nhoaphiitase. Soper* 
uaics «?m«mi^g bacxcrW growth were chectad by Ouctucrtony fau- 
rmintartiffhrit 1 " ^"lyq 11 P 1 ! »ocnaW> dm die PS/A and TA aangena 
homoiogD«sioU»exnfcctli^srr^ 

Wintered Wood and cainci^ 
lam icwered from rabhha im%«e4wiihrtrereM33wereai»^ 
rebeawttoaiw|^citw«taa^ 

were not cUbortied. Strain M33 was alao cultured on media coo* 

Uhiing tetracycline (M|*ay^ 

mresconiafctogorgaw^ 

sirain by these criteria wcrt cowWered po»pvc 

bw&sdonofx&ta before faction. tobbtowcre iTWffmrwd 
lubcutaneousty w«h 100 jcg of purift^ PS/A fmre warn W»n2A 
mc«nplerePrew»tr» adjuvant twiccawcc|tfcr2^3weca^Cc«noJ» 
wcjv intmvmizEd wim either adjuvant atone or wnh & cpUUrmitfo 
strain 5£3$& . _ 

j%asiy*pm*cxlonu*in8B<^P*^ 
bacteremia* In thit reodd. wc wed two catnew-porep oombint- 
tioni in one rabbit* One cfithcttrr wat infocied and fan p tent e d Into 
the right jngnla* as described above. A «cond «cnk c#dKter wa» 
inserted into the left jaguar veto. The prexfcnal end of the tubing 
of die sterile catheter wna atuchod to an OStnotic piw» WW wi» 
Z ml of cither nndUute, PS/A-spccihc polyclonal antibody, 2 ml of 
monoclonal antibody fl.S mg/ml), oc 2 ml of undihrc ort aonnal ab- 
htt scrum Blood cultures were drawn (as described above) daily 
for 7 days and then on alternate oty qmil day 14, v^ine rebate 
were sacriflce4 and bowman 

ScTvmdvmterte- Mcttbobc. rend, hepase. and eieantfytelev- 
cfcwemdBwintedoyaenmt 

sity School ^of Veterinary Medicine Diagnoedc Laboreioncs. 

PteQocyiQshassax Tho pbngocyxosis assay was sinuTarioone 
previously c^acribed p4^ Theaaav «nnloye4i <7*frnw^ sirain 
HP62A . human whhn blood cells, guinea pig camaTletuent, and acre 
ftomt>«Ttuurabbitt(r^ 
Prtyworphoiiui4carr^ 

pared from perinherel venous Wood aiid wspeta1e4 » WNtt wire 
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HP 1SXU62 <A«su*) 



ftgurc h Immune response of 
rrtbns to pvrihed polysaccha- 
nde^dtow (PS/ a ) (A) or punfitfi 
wicbow acid OA) (B)afo* unmi- 
mxapoq with eitnei purified PS/A 
(O. n = 6), * epklemm smdn 
SE360 (TA immune, A, » - 4) or 
cwa^Prcundvadju^ 
8). MeasuremwH obtained »w 
pramtwwc serum r*i»» 
esse meanof uidividwd serum w 
pica from members of each group: 



Sspfolococcsi 



437 




*.§ 9.0 3.9 * 9 

> serum dilution 



Log ig servm dilution 



5% *m! calf scrum (PCS). NRS wd WS ^ J**^^ * 
56«Cfbr30mw.PMNta * itftsHs/mtfot nwxytesa x IV 
cells/mi) *«* incubated « S7T in WW wi* 5 % PCS, £W* 
pjn complement OS CH» unmvmU, dOmcd rabbit boot a-*). J«* 
r^m^n^ W«A C6 x 10 6 cplosrfcnci^ uwte (eft* 

^toadiu*e*misiesofuwimT^^ 

iirr immimto*ag to ™» ^ b** 1 * 8 * rf °* 

kncMincxdcpentoyz of Woodc«taiiPic^o»w^fw<^ 

comuwtatof^avsameem^.T^ 

an assumption of the usual *«» to Pt^M^W' 

nmdd cmplc^ ti«e»mmicm* » 

mnctiQOOf me total number of a^^^tw\^^fio^^ 
adtute i*c*t«ided to mat animal- Incorporated mtotWsmc^ aw 
10109 to the invww* w of *c wn^tnd^cWI^o^- 
ttm (wsifl or RP12) employed Uwo» th» W*oo *c wu 

dwermmctbedegrwef tow 
o4dsriho<OR) far apc*^ Wood cuhw 

musuIi in two poop* taking tow acc^tbcinTraawmslc**** 
deocc and thus provide n wow ccffcrvattve swwed analysis on 
U» protective tffec; of i iflrmro i rt hop with PS/A, 
DuWiwrngtocwamiu^ 

fecaou temperature were measured ty a P&hTsd ' m - 

Oeeeryaion of animal model to initial experiments to 
define the paramew of the au^^ 
foUowiug; Jriserwuaf wo mtomdcatbeier into the rigfcijugu- 
lar with heparin flowing through it via an odWKK pump 
resulted in consistent bacteremia for up w> 8 dny* in normal 
rabbits. Cmt* the heparan 



bacteremia was no longer <$owtaWe. Diioiotofino^*c 
analysed results from bactewsmto to the fir* & days of the 
otperimeotal period. Quoin^vc blood culwresw 
ml of blood w» inpevtod into pediatric lice 04) Uolawr 
cuhmt tubes CDurbot, Witatagtan, and ptodorooTSA 
*«it positive ooly in thc"fim48 h gftcr Infection wben WO 
dii/ml of blood could be detected (w* shown}. Ciilmnng 5 
mi of blood In 50 ml ofTOB with 005% SPS appeared to 
be a more sensitive me*od fcr dew^bactertawa beyond 
tr^ fim 48 b; taws ltds »toiq^ 
t^ oD^rirocnw tadj^ 

served if catbam were not infected (n = 3 rabbit*, 2 i blood 
cultures), if pumps were not filled with heparin dispensed 
through the catheter (« - 3 rabbits, 21 Wood cultures), or 
if infected catheters we inserted imo a jugulw** 
wubin 5 min (n - 2 rabbits, 14 blood cultures). 

Spcc&ciiy of Immunity qfi*r immmiwion »4th PSM,S. 
epidcrtnJdis smfrSE~3Mo*<*tj™w- Rgurcldeptusihe 
inumme response of rabbits to both PS/ A and 

with punned PS/A, i epktermubs sttwn s»aa 
or adjuvanL PS/A induced higb-titercd antibody «> itself but 
not to TA T a major component of wpurified coagutose- 
negative staphylococcal slime along with PS/A PJ. Strain 
SE360 induced bi^t-titered antibody w TA bttf not to PS/A. 
Purified TA by itself is not immunogenic in rabbits p6] (un- 
published dart soa wbolebnewal ceU mociilum is needed. 
Sjwh SE360 hs« beea reported by Icbirnw spd Yoahida p U 
to be encapsulated, but inrnronizBrion with th^ 
to dicft awibadies to PS/A trom snuin KP62A.A^uvani alone 
also was not immuno genic « 

an bacteremia and catheter colonization by strains R ^ /if 
KPJ2. andM3S Imrmnrirarion wafa PS/A faun grain RPSZA, 
Iwt not strain S^3» CTA imniiu^ 
number of positive blood cttlwres during the first 8 days in 
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JWij>e culture 



S7/*4 (S9> 
14/48(29) 
20/tt i€2) 



Noiumniunc* 
PSM immune 
TA imffwv^ 
RPtf 



S 

6 
4 

3 
3 



5/34(21) 



CH*UU «APWT 
STATUS STRAW 



PAY POST HWCTPH 
7 3 3 4ft 



RP62* 



11 



5,01^ with catheters ii^acd with amor «rato of 

strain RFI2 (table 1, figure 2). 
Examination of d* results for each animal stwwn > n figure 

2indicsiedibittde*x^ofa 

jm^cjnfrgivettdaycouldbcdepc^ 

unmimized with PS/A, TA, or adjuvant, which *4N^ 
Ac degree of dependence observed fer the of wax* 
cultures Tftfr rn from flic same animal PS]. 

Tbe cswwc of |J» OR fcr dcttOTiJ^ 
^ence on the omcw measure of ba^onw *w 133 CP * 
DO0OQ2; 95% confidence interval ICQ, 1.53, 
a$ expected, there wa* strong evidence for d* depewlem* 
of o positive blood culture being obtained from a rabbit hav- 
ing * prior positive blood culture. Taking dds effect into ac- 
coum,tbee*imareof^^ 

FS/Arimmune animal* was 1.74 (F = 03-9; 95% CI ; 1XT7. 
2.85), and the estimate of the OR comparing aimnai* im- 
munized with adjuvant to PS/A immune wu«* ^ 2 ^ 
(/> - 4B8; 95% a, L» 6,30). TUcre was «o rtgwficani 
diftcrepec in die outcome obtained usb* either ItramRlwA 
orRP12a**c challenge organism COR 
95% CI, a59, 1 43), and mere wa* no aigntfearu c3$Breace 
In die OR between Tfc-imrauue and aaiwafe^^»dwjm 
Stavw (OR = 061, P m .16; 95% CI. Wfy U9hTto* 
result indk^d a protective efttcacy of PS/A imnmnwatw 
but not TA iiwnunoation on hcmatogtwwdissejnmat^ of 
coagi^oegauve staphylococci Jrornan ^^J™^' 
fa another experiment we challenged wununwed rabbits 
wife catheters colonized by * epidermis straw M33. This 
strain adhere* to silicone elastomer ca*e«jsC>300cfbA5aili- 
eter from an inoculum of 1 0*) as does sow RFffl A. but 
q^notpioducescrelogicallydct^ 
[71. In three PS/A and three SB360 CTA) muuppa rabbwa there 
was no difference In the number of positive blood culture* 
obtained cwr 7 djtfs (10 of 21 for PS/A-uutifline vs. U of 21 
for TAHramune), although the overall bacteremia rate was 
U^thanthafcta^inun^^ 

v 



RP12 
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11« 
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13? 
193 
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*44 
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t*« 
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ftoreJ. Ocwii2^^pC4Wvc\»»n^ 

Attained on po^fecjon d*ys ^S,^HSS*a 
boo ofcaihcww infected filter w>m S. «pWcn^a^RP« a 
o7|OT2. PS/A « poly»haridc/9dheTO TA - tocboic tcrt. 

challenged with strains RP62A oiRP!2in other expenmeno 
(table 1). 

Other rv*As,j™ the art* inmuuzefrn txpcrmws. 
Ody craiatonaJ blood ctaturra ^ 
xive after » tte» when the auid in the pumps was c*hausied, 
indicanna that secondary foci of refection were not inanely 
estabUshed- All catheters removed after 14 dv^ inftsction 
were positive for the infecting strain. Most catheter* were 
heavily colonized (>300 dto/catheter ) as determined by the 
semiquantitative roU-plate technique 18 J. Abhougfa mere was 
a trend toward* cadwaers frc^PS/Aimnwac animus to have 
lovier coJoj^ counK fcllo^ 

was not significant. Rabbits in both the immunized and con- 
trol grot$*eJ»Uen«ed with strains RP62A and RP12 had 
njttjcrutejyelovaf^ temper 
to^ rabbip in TO A immt^ 
^Mjnjef after inft«to 
ent from animals immunized with adjuvant. 

Srn^cterourrW We initialry screened 

selected seraftom immune and nonimmune animus to meta- 
holie, renal* hepatic, and electrolyte levels to idetitify changes 
associated wi* bacteremia We found that bacteremic rab- 
biB WOTlram^ l^lyce^ 
eral days. Remaining sera obtained every 2-5 days cUiringmc 
observation period were then analyzed for glucose and lipid 
levels. Glucose levels were «griflcawly {P < W depressed 
in rabbits timwmtod with TA and aujuvam compared with 
PS/A immune rabbits 5, 7, and 10 days after infection. Indi- 
cating that (his efliBct was present even after bacteremia had 
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C9 




■ « 10 

PAY AFTER INFECTION 



14 



XwWC 2- Results of dau> blood culture for 7 0>>s in rtboi» m> 
ptowJ with a catheter colonised by Srv*0*h»«w cpMcmtiu 
scrsfo RFtttA and passively infused with euhcr normal serum or 
polyclonal or monoclonal tntitwdy to poty»scd»do^«4fc«ro 
(PSM). 



Rgurt X Immune response to tejenow acid ttA) w rabbos un- 
Pl anted wiro cainctns infeaed wiui 5. cpvUrmtfi* strata RPWa 
unO untnuai scd wita enter poly$»«&jpidf^ Bahrein (PS/A) (O, n » 
6) or coiuplca: Frtuod* ftajuvanx #i * 8). Semftorocachc^ 
were oduwd r4Q fer testing in uTplicate. Poina represent mean of 
individual scrum samples fer c«* group and hart tm^mij^r 

ence &w d*y 0 «erum sample. Levd seen w P^A trownc rabbas 
is higher duw observed in figure I duo w longer incubauoa urac 
of 6USX pte and higher scrum conccniranon tewed. 



ceased. Triglycerides were elevated between 3 and 10 days 

after the onset of bacteremia in d*e rabbit* immunized with 

TAa^adjuvnm. Th^ assays prpvided 

sure of the effect of PS/a immiinuation on projection against 

bacteremia. 

Immune response ofn&bizs during infection wW rrrow 
RP62A. We compared the immune response of rabbis inv 
rannwed with PS/A, TA, *nd ao^wvam to PSVA and Ta dur- 
ing die 14 days after challenge- Rabbits nnmung e ti with 
adjuvant and infected with strain RP62A made antibody to 
TA (figure 3) bw not 10 PS/A (not shown) during the ex- 
perimental period. In contrast, rabbin? uwwwzed with PS/A 
and cballeuged wiib either strains RP62 A or RP12 did not 
produce antibodies to TA (figure 3) and did dot have a further 
increase in ihw PS/A-sperific titers (not shown). 

Rabbits iiurauoized with TA and challenged wjih either 
strain railed to respond to infection witfi andbody to PS/A 
within 14 days and had no further rise in antibody titer to 
TA (not shown). However, TA-i mrnune rabb&S challenged with 
strain RP12 showed a two- co fourfold increase 10-14 days 
alto infection by ELISA readitistowboJeceUsc^strwllW2 
(not shown). PS/A-unroune animals challenged with strain 
RP12 showed no cuange in EUSA reading to wbole cells. 
For animals challenged w nb strain M33, boib PS/A- and XA- 
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Normal 5 

PS/A imawnc Kmm- ° 
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Figure 4. Occurrence afporitfvc (» and t>egsrivB (D) blood cul- 
tures obtained on days V-7 after infecnon rcaulung horn implant a- 
lion of catheters infepwd with 1 «^pi^mudw«irwKPplAw 
iwsively iiif^ wiib einw i>or^ 
cKwaJ arml>Po^ sp<^c fer sii^ 
(PS/A). 

immune rubbles experienced a two- to fourfold increase in 
EUSA reading io whole cells of su^ M33 wk! neidicr group 
showed changes >20% in die BLISA reading to PS/A or TA 
from strain KP62A. 

ftww projection against strain EP62A injection using 
poiycionaJandtnone^k^tmtU^ hi 
fcisnxxidr infusion of eid^ 

10 puriticd PS/A, or a monoclonal antibody to PS/A. reduced 
die number of positive blood cultures during an experimen- 
tal period of 7 days compared wich rabbits passively infused 
with normal serum (table 2. figure 4). Due to technical 
difficulties in obtaining sufficient blood from some rabbits, 
day 8 samples were no* available from ali animals and hence 
were not included in die data analysis. Analysis of these data 
by ihe method of Connolly and Liang [15] again indicated a 
strong dependence among blood cultures obtained from die 
same animal (OR » l.S6\ P * jOOS; 95% CI, 121 24)5). 
Compunson of the Wood culture results in animals receiving 
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TlM^ (min> 



74 90 90 

TIME (min) 



130 



figure & Killing of & cpUUsr 
m^«TW»RP62AovcT 120 rain 
either binnfts oolvmcmdioimciear 
neurropbils CA) or mononuclear 
ceOa (B) io the presence of guuo 
pig comptancm and normal rabba 
scrum (A), rabbit sown raised u> 
po|y*i«dts rtd c / ad h cgig (PS/A) ton 
strain RP62A(0), inoaorlnnal ab- 



normal serum mfusions with those receiving mftiaons of 
PS/Ar$pccific polyclonal ajmsera showed a trigmfiran t differ- 
ence (OR = 3,39, P • 95% CI, 1.27, 9jQ2) as did com- 
parison of die blood culture result* of witwu* infused with 
normal scrum with those receiving PS/A-Specific monoclo- 
nal anobody (OR ~ 2j6&, -P =* j04*; 9S% d, U4> 6.31), 
Culture of the irutially rwninfcctcd caxhiaer after the ex- 
perimental period showed all five carnexcrs from rabbits 
receiving normal scrum were infected, whereas 6 of 10 
catheters from rabbits receiving the immuuothcr^Hcs were 
sterile IP < J05. Pishcr 1 * cxett »*)- the number of 
exuany-foroung units per iufceted catheter were comparable 
regardJcw of the passive therapy tmpioycd ? there was no 
significant difference in the quantitative level of organisms 
orrtrmriing the catheters, Qrucosc levels were oppressed in rab- 
bits receiving normal serum 6-9 day* after i nfection , and 
irigrytxride levels rro 

pored with those receiving pawiivr: immurw&erapjc* ber*e*w 
days 3 and 11 after the onset of baaercimas, 

Fhogocymis wkto. Figure S shows the killing over 1?0 
mm of SL eptiUrmkUs srrain RP6ZA by atwsera and mono- 
clonal antibody to PS/A compared with normal rabbit serum 
and °o scrum (tissue culture medium sutowuied) in the pres- 
coce of human PMKL or rrtononijrlear phagocytes and guinea 
pig cornpiemeut. In both instances, immune serum and The 
monoclonal armbody was signtfeandy {P < MH) more op- 
sonic than normal serum at the 120-min sampling point. 



Our previous studies h^o^mon 
solar PS/A of cn*gu|aae-ucgauve staphylococci io modiaring 
attachment to foreign bodies and the ability of auribody 
directed against PS/A to Mock this in vitro adherence [6). 
Since some strains of ooagulase-ne^arive staphylococci ap- 
pear to be epca p sula T ttj ftl, 17], if is taponanrto wmsidcr 
the possibuiiy mat capsular PS/A might have a more tradi- 



tional function typical of other cncapsul alcd pathogens- Cap- 
sular polysaccharides of many bacterial pathogens help to 
protect these organisms against bostdc^uW,prirtt^paIry by 
interfering with phagocytosis. Not sujprisiagly, specific an- 
tibody to the capsular antigens of these bacteria prevents in- 
vasive disease. Hie studies reported here suggest thai in 
a4diuou to promoting adherence to foreign bodies, PS/A also 
may protect coagula^oejomv* staphylococci against pbago- 
cyrosis and antibody to PS/A may neutralise this shield and 
impede invasion of the bloodstream by organisms colonizing 
nonvascular catheters* We demonstrated thai anribody to 
PS/A is op^noptogocypc and that immuni z ati on with PS/a- 
protected rabbits against bacteremia with the homologous 
strain RP62A and the heterologous Chut serologically identi- 
cal) strain RP12. Passive TmrnnrKyhrpiPy with polyclonal and 
monoclonal am*od»es infoed thnwgh a^ 
ter also reduced baxwetroa spawned by the co^ 
tnminared catheter, 

In addition to limiting catheter-associated r^actercmia, both 
active and oassive immunotberaw attenuated the chaoses in 
serum levels of glucose and triglycerides nsvrinrnd wjtftbao- 
teremia m the rabbit , Consistem u^vclopment of bypoglycc' 
mia and hyperUpidemia were seen in unprotected animals. 
Oased on subjective observations of the ammals, the hypo- 
glycemia did not appear to be due to decreased food intake 
or defecation. We did not qiinnritflte food intake or fiscal 
production so this observation is speculative. Hyperurice- 
mia is a pronounced feature of rabbits receiving infusions of 
toxic shock syndrome to*uvl p8} through an osmotic pump 
and may represent a common response of rabbits to stress. 

We fenrnd snoqg immune responses toTA, but no? to PS/A, 
within the first 14 days after catheter impl a nt at io n and devel- 
opment of r>acteremia in utmronunized animals. Thus PS/A 
may be poorly irnrminogenic during infection, while non- 
protective andboo^ to TA are icadily client. Arternatrvel^ 
me observation period of 14 days may have been too short 
to observe development of annrxxfy to PS/A- Wc have found , 



PAGE 30/49 * RCVD AT 1214/2007 4:56:24 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-5/11 * DNIS:2738300 * CSID: * DURATION (mm-ss):11-30 



12-04-07 05:02pm F rom-LAH I VE+COCKF I ELD 617 7424214 T-172 P. 31/49 F-824 



JtP 1990-462 (Angus) Protects* «#WW Sti 

however, that iramuiitfdwm of Tubb4ts aw* nw* with purified 
PS/a elicits much higher ajwibody titers than irnmuntaoon 
wiih whole bacterial cells ( tfTip ub ltshfld dw). 

One measur* of infection that did not ditto arnong the var- 
ious groups was fever. AU poops of animal* showed a mod- 
est rise Us mean waoperawc Owl was significantly different 
fi>r up to 5 days 6«wn <bc prewfecrion level. U i* w* «*»r 
iftcrapmwe elevation was a r^ 
ing that PS/A-uwronc wiroala were l»«ei«nic but level 
below to detectable by our blood culnuing techwque, or 
if this a response to the surgery and subsequent stress 
experienced t<y aU anirnals- We believe the latter may be me 
caseshwtrmr^ra&tmraeas^^ 

gery 10 implant sterile catheters for other cxperiincoial pur- 
poses were also elevated to a cojjm&rablc degree (unpublished 
data). 

Although passive imimmlmiftn against PS/A protected 
against bematogenpus seeding and colonization of nonccm- 
ununaied catheters, we were unable to dcternunetftniswas 
due to an awiadhewvc property of pS/A-spccific antibody [6] 
or to the opsonopnagpcyxip effector" mis antibody on blood- 
borne coagulasc-negative stapbylococci. The failure of anti- 
body io sterilize oomnmrngrrd catheter* is not surprising 
these caiheters were exposed to biigh concentrations of co- 
agutoc-negarlve staphylococd bejbte inscmon. Thus, the 
PS/a adnesin may have located its target on the catheter be- 
fore adherence could be interrupted by ainibc4y to PS/A, Fur^ 
iber studies wOI be needed io ascertain whether preexisting 
antibody can prevent catheter colonization in circumstances 
that mart closely re semble die clinical situation in which the 
catheter is contaminated by small mnnbw of organisms from 
The stin of the patient during or *fter insertion. 

Our results o^moqsrratc a role far PS/A-speclfk annbod- 
ies in prowing rabbis ag^^ 

carhcter colonization in this model Pi rlin i nNifY analysis (un- 
published data) of antibodies to this antigen in normal hu- 
man sera indicates a high prevalence of naturally occurring 
antibody to PS/A, If antibody to PS/A is important in protec- 
tive immunity against co^gulaae-ntgauvc staphylococcal in- 
fection, this would suggest thai invasive infection may occur 
more frequently in individuals with decreased or nonfunc- 
tional . nonopsonlc) antibodies to PS/a . We are currently 
invesp^uingtrusinacw 

infected patients. Overall our findings u this animal mode] 
suggest thai i mmuno t her apies directed at PS/A could be pro- 
iccnvc againsi coagulase-negative staphylococcal bacteremia. 
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Protection Against Endocarditis Due to 
Staphylococcus epidermidis by Immunization 
With Capsular Polysaccharide/Adhesin 

Shugo Takeda, MD; Gerald B. Pier, PhD; Yoshifumi Kojima, MD; Masahiro Tojo. MD; 
Eugene Muller, Php; Tor Tosteson, ScD; and Donald A. Goldmann. MD 

Hacksnwnd. Staphylococcus epkkrmkUs is the principal pathogen in prwtheiic valve en* 
docS S/c?i po^aTcbaride rihtsin CPS/A) has \**n shown to mediate «mch»M 
o mScal d*Wck In ibis study, we investigated the efficacy of active and passive 

against PS/A in preventing a cp&nniais 
Methods w4 Results. Aortic valve vegetations were produced by w*rti»g ■ ™* 
into ihr leftventricle through the right carotid artery. Bacteremia and endo^rdUis were then 
estabUsW bv implanting in the left jugular vein a catheter fhat w»» attached to an osmotic 
pump ^SSS^^A S. epidAis strain RP6ZA. During a 3-week study ^riod, of 64 
S3 cultures taken every second or third day from six nonimmune rabbits, 54 (84%) y elded 
S rpS IwMte irtWy immunized with PS/A, eight of 60 blood cultures were 
StiveTodds ratio 5.0, 95% Cl, p =0.005). At death, all six nonimmune rabbits had 

E£d vegetation, that yielded lOMQ" colony-forming units (cft.)/g of vegetation whereas 
oXone r^Timmuni/ed rabbit had an infected vegetation. Immunization protocols designed 
w elicit antibody to teicboic acid but not to PS/A afforded no protection against bactereniia or 
e^doVarditisTfusion of monoclonal antibody to PS/A through ."StJffiffi 
vein provided a level of protection against both bacteremia and endocarditi* comparable to that 
produced by active Immunisation. In vitro, antibody against PS/A was opsonic for S, 

' P a%l£ion* Immunopropbyiaxis targeted at staphylococcal PS/A is a promising new 
approach to the prevention of prosthetic valve endocarditis. {Circulation 199l;84*539-2546) 



The coaguluse-negative staphylococcus, partic- 
ularly Staphylococcus eptdennidis, is a formi- 
dable pathogen in patients undergoing pros- 
thetic cardiac valve surgery. Not only is S epidermidis 
the principal pathogen in prosthetic valve endocardi- 
tis, 1 - 0 but it is also the most frequent cause of 
intravascular catheter-associated infections in the 
immediate postoperative period."-'- Because S. ep*- 
dtrmidis is a major component of the normal skin 
flora and very rarely causes infection in the absence 
of a foreign body, a number of investigators have 
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hypothesised that this microorganism has a special 
ability to adhere to, colonize, and infect prosthetic 
materials because of its unique surface properties. 
Attention has focused on the ability of some strains, 
particularly those isolated from infections of medical 
devices, io produce copious amounts of an extracel- 
lular material generally referred io as "slirac." 9 -"-™ 
Some investigators believe thai slime mediates ad- 
herence of staphylococci to prosihetie materials. In 
addition, it has been noted that shroe envelops 
adherent bacterial colonies in a thick biofilm that 
may provide protection from host defenses and anti- 
biotics. Despite considerable investigation, however, 
the precise role of this complex maierial in the 
pathogenesis of device-associated coagulase-negative 
staphylococcal infections remains unclear. 

We have previously purified a polysaccharide from 
shme-produong strains of S. epidermidis thai appears 
io be involved in staphylococcal adherence to plas- 
tics, such as silicon elastomer, ihat are frequently 
used in caiheters and other medical devices. 22 in 
addition io functioning as an adhesin, ihis poiysac- 
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254U Circulation Vol 84, No 6 December 1WJ 

charide also serves as a capsule far S. epukrmidis. 
Most clinical isolates of S epidermicO* were found to 
produce a serologically identical capsular polysaccha- 
ride adhesin CPS/A). Chemically, PS/A is a large 
(more than 500,000 kd) polymer of neutral sugars 
rich m galactose and arabinose. In vitro, antibody to 
purified PS/A inhibited adherence of a number of 
strains of S. epidcrmidis to silicon elastomer tubing, 
which suggests that immunoglobulin directed specif- 
ically against PS/A might have a role in the preven- 
tion of coagulase-negative staphylococcal infections 
by inhibiting bacterial attachment. 

We then extended these in vitro findings to a rabbu 
model of central venous catheter infection, demonstrat- 
ing that active immunization with PS/A greatly attenu- 
ated bacteremia spawned by catheturs that had been 
contaminated with S cpubrmidis. 2 * Passive infusion of 
PS/A-specific polyclonal and monoclonal immunoglob- 
ulin through a separate catheter plaped in the contra- 
lateral jugular vein protected the rabbits against both, 
bacteremia and hematogenous colonization of this con- 
tralateral catheter. In the present study, we have fur- 
ther explored the potential efficacy of immunoprophy- 
laxis in a rabbit model of endocardms 

Methods 

Bacterial Strains 

S. eptdermidis strain RP62A is a previously de- 
scribed 1 *- 2 * prototype slime -producing clinical isolate 
from which we originally extracted and purified 
PS/A, £ epidermidts strain SE360 33 - 2 * expresses ie*- 
choic acid (TA) and several surface proteins serolog- 
ically identical to those of strain RP62A but does not 
elicit antibody to PS/A in rabbits. 

Antibody Assays and Production of Polyclonal ana 
Monoclonal AnHbodies to PSlA 

Capsular PS/A was purified as described previous- 
ly » To obtain polyclonal antibodies, rabbits were 
immunized twice weekly for 3 weeks with subcutane- 
ous injections of 100 m8 PS/A from strain RP62A in 
complete f rcund's adjuvant. Antisera were tested for 
antibody to PS/A and Ta by enzyme-linked immu- 
nosorbent assay (EUSA) as described previously. 22 
Postimmunrzation sera were tested at dilutions of 
1:100 to 1:51,200 and compared to titers m sera 
obtained just before immunization; postinfection 
sera were rested at a dilution O) 1:100 only, and 
EIJSA readings obtained at this dilution were com- 
pared with those obtained using a 1 : 100 dilution of 
prechallenge sera. Individual seta were tested in 
duplicate, and means for groups of similarly treated 
rabbit* represent the means derived from the means 
of the individual duplicate titers. 

Monoclonal antibody was prepared by standard 
techniques 2 * after hypenmmunizaiion of BALB/c mice 
with 10 Mg purified PS/A. One PS/A-spccific clone 
producing an IgG3 subclass antibody and designated 
IXB2 was used in passive immunoprophylaxa* studies. 
Thi* antibody was obtained from culture supernates of 



hybndoma cells producing 1XB2 antibody after appli- 
cation to a Bakerbond ABx column (J.T. Baker, Phill- 
ipsburg, NJ ) and elution with 1 M NaCl and 0.5 M 
ammonium sulfate. The purified antibody was then 
dialled against phosphate buffered saline. 

Rabbit Model of Catheter-Induced Endocardia* 

New Zealand White rabbits weighing 2.5-3.0 kg 
were anesthetized with ketaminc (Ketalar, 40 mg/kg, 
Parke-Davis, Morris Plains, NJ-), atropine (100 M g), 
and xylazinc (Roropun, 10 mg/kg, Mobay, Shawnee, 
Kan.)- The neck area was shaved and disinfected with 
iodine tincture, and a 3 -cm incision was made to 
expose the right carotid artery, A 3F Teflon cathetet 
was inserted into the carotid by cutaown, and the 
catheter was then passed through the carotid artery 
into the cavity of the left ventricle (Figure 1). The 
incision was closed after the tubing was tied in place. 
This procedure resulted in production of aortic valve 
leaflet vegetations in all rabbits within 7 days. One 
week after catheter insertion, rabbits were chal- 
lenged by insertion of a 2.7F silicon elastomer cath- 
eter contaminated by immersion in a suspension of 
itf 1 cfu/ml of strain RP62A for 15 minutes. After 
anesthesia and skin disinfection, a 3 -cm incision was 
made to expose the left jugular vein, and the catheter 
was inserted 4-5 cm into the vein by cutdown. The 
external end of the catheter was attached to a 
subcutaneous osmotic pump (Alzet model 2ML1, 
Alza Corp., Palo Alto, Calif.) (Figure \ ) The pump 
was filled with 2 ml of 10,000 units/ml heparin, which 
was delivered continuously for 7 days at 10 jJ/hr. 
This technique had previously been found to result in 
continuous low-grade bacteremia (less than 10 cfu/ml 
of blood 2 *) for up to 8 days in normal rabbits. Once 
the heparin in the pump was depleted, bacteremia 
was no longer detectable. In the endocarditis model, 
however, sustained bacteremia beyond 8 days waa 
noted, indicating the formation of an independent 
focus of infection (see below). 

Immunoprophylaxis Regimens 

For active immunization experiments, rabbits were 
immunized subcutaneously with 100 M g of purified 
PS/A from strain RP62A in complete Freund's adju- 
vant twice a wccK for 2-3 weeks. This immunization 
schedule was sufficient to produce a significant in- 
crease in anti-PS/A antibody titers by EUSA in all 
rabbits. Control rabbits were immunized with either 
adjuvant alone or whole cells of S eptdermidis strain 
SE360. which we have previously shown 22 elicits high 
titers of antibody to cell wall TA but does not elicit 
antibody to the PS/A of strain RP62A, 

For passive immunotherapy, a dual pump rabbit 
endocarditis model was used to evaluate the protec- 
tive efficacy of monoclonal antibody (Figure 1). In 
these experiments, a second silicon elastomer cathe- 
ter, which had not been contaminated with S. epider- 
midis, was inserted into the right jugular vein and 
attached to an osmotic pump filled with 2 ml of either 
normal rabbit serum or monoclonal antibody IXB2. 
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Tak.edu et at Immunity to S. epidermidis Endocarditis 2S41 




FiCuRC X Schematic diagram of the rabott model 
of endocarditis used in these studies showing the 
poutions of the catheter inserted through the nght 
carotid artery (rtght-CarvridA,) to induce aortic valve 
lesions; the contaminated catheter implanted into the 
left external jugular vem (left-External Jugular V.) and 
attached to an osmotic pump; and the xerdc cuthcter 
in the nght external jugular vein (right-External Jugu- 
lar V ) used to infuse monoclonal antibody or normal 
serum m passive immunotherapy cxpenments. Ao. 
aorta; LV. left ventricle: SVC. superior vena cava; 
MAb, monoclonal antibody. 



Determination of Bacteremia and Endocarditis 

Blood cultures were performed just before chal- 
lenge and every 2-3 days thereafter until the animals 
were killed. Blood (5 ml) from the ear vein was added 
to 50 ml of try p tic soy broth containing 0.05% 
polyanetholsultonic acid and incubated for up to 10 
days at 37°C, Routine subcultures were made on 
tryptic soy agar. All blood culture isolates were 
verified as the challenge strain RP62a by colonial 
morphology, Gram's stain, and biochemical testing, 
identification of blood isolates was laciljtated by the 
fact thai strain RP62A is alkaline phosphatase- 
negative,- 3 Supernates of positive cultures were 
checked by Ouchterlony immunodiffusion 26 to ensure 
that PS/A and TA antigens homologous to the infect- 
ing strain were made by the bloodstream isolates. 

Twenty to 22 days after bacterial challenge, the 
rabbit* were killed, and cardiac vegetations, the 
intraventricular Teflon catheter, and the inuajuguiar 
silicon elastomer catheters were examined and re- 
moved, Rabblia that died before the end of the 
experimental period were processed immediately in 
the same way. Vegetations were weighed, homoge- 
nized, diluted in saline, and cultured quantitatively 
on cryptic soy agar. Results were expressed as log 
cfu/g of vegetation. Catheters were cultured semi- 
quant itatively by rolling a 1-cin distal segment on 
tryptic soy agar plates as described by Maki ct a!. 27 
Isolates of S. epidcrrmdis were verified as strain 
RP62A as described above. 

Serum Chemistries 

Glucose and lipid levels were determined on berum 
samples submitted to the Tufts University School of 
Veterinary Medicine Piagnostic Laboratories, 

Opsonophagocytosts Assay 

Opsonophagocyiosis was measured by an assay 
similar to one described previously. 2 * The assay in- 



corporated S. epidermuits strain RP62A, human poly- 
morphonuclear leukocytes, rabbit complement ad- 
sorbed with 10* cfu/ral of strain RP62A, and serum 
from either normal rabbits, rabbits immunized with 
PS/A, or the monoclonal antibody IXB2. White 
blood cells were prepared from human peripheral 
venous blood and overlaid on mono/poly resolving 
medium (Flow Laboratories, Inc., McLean, Va.), 
Rabbit sera were heat-inactivated at 56*C for 30 
minutes. Purified (more than 95%) polymorphonu- 
clear leukocytes (1 xlO 6 cells/ml) were suspended in 
RPMI with 5% fetal calf serum and Incubated at 
37°C for 90 minutes with adsorbed rabbit comple- 
ment (1 :20 dilution J, rabbit serum (1 ' 10 dilution) or 
monoclonal antibody (2.5 Mg/ml), and strain RP62A 
(6x10* cfu/ral). Viable cfus were determined by 
counting at the end of this incubation period. 

Statistical Analysis 

The method of Connolly and Liang 3V was used to 
adjust estimates of the protection afforded by active 
and passive immunization- This method was used 
because of the known interdependence of blood 
culture results and results from other cultures taken 
from the same animal. This interdependence violates 
an assumption of the usual * 2 test for binomial 
proportions. The model uses measurements in which 
the log of the odds of obtaining a positive blood 
culture on a given day is considered a linear function 
of the total number of other days for which a positive 
blood culture is obtained for that animal. Incorpo- 
rated mto this model are terms for the immune status 
of the animal and the challenge organism used. Witn 
this method we can determine the degree of imra- 
animal dependence by estimating the odds ratio for a 
positive blood culture for any pair of days from an 
individual rabbit- This model can also estimate the 
odds ratio between animals in two groups, taking into 
account the intra-animal dependence, and thus pro- 
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Figure 2. Photograph of vv&iuuon on uothc rtive uj ruofrt 
chall^cd wan Staphylococcia cpidermidis RP02A aw. 
Aortic waU; ud, auntc valw lvujtet\ wilt. m|pMi#c*i>; v*, 
yentriculur septum, pm. pupillary muscle. 

vide a more conservative statistical analysis on the 
proicctivc ellcd of immunization with PS/A. 

Differences in anliDody levels between the prein- 
lection ana puacinfccuan *cru were mc^ur^a v> y n 
paired x test Opsonopha^ocytic killing w^ compared 
by d Student's i test. 

Results 

Hutferrnaa and Enducurdiih in Rubb\;s Chulka&d 
With S. epidermidis Strain RP&2A 

All rabbits in these experiments developed S 
cpidtrmidts endocarditis after challenge with the con- 
taminated catheter unless they were protected by 
active or passive immunisation against PS/A, Large 
infected vegetations were noted uniformly on the 
aortic valve of nonimmune rabbits (Figure 2), vvirh 
concentrations of S epidrnnidt* ranging from 1U Q to 
10" cfu/g of vegetation (.Figures 4 and 6). Sustained 
bacteremia occurred in all nonimmune rabbits (Fig- 
ure* 3 and 5) All Teflon caihercra inserted through 
the aortic valve into the left venlnch: were found ro 
be coated with a fibrinous sleeve, with 20 to more 
ihan 1,00U colonies noted on semiquantitative cath- 
eter cultures. Culture-positive vegetations formed on 
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the left ventricular wall opposite the up of the Teflon 
cuihcier in some rabbits, particularly when the cath- 
eter tip and myocardium were closely apposed; these 
vegetations were not cultured quantitatively. Semi- 
quantitative cultures of the contaminated silicon 
elastomer jugular catheter* were still posirivc when 
they were removed from the rabbits at the end of the 
experiments, yielding 380 to more than 1 ,000 colonies 
per plate 9 

Severn! variations on this experimental protocol 
were used to determine the parameters necessary 
for establishing endocarditis. When three rabbits 
with carhciers inserted into the left ventncle were 
challenged with contaminated jugular catheters at- 
tached to osmotic pumps that did not contain 
heparin, bacteremia and endocarditis did not de- 
velop, probably because of a lack of fluid Uow 
through the catheter Removal of the left vemricu- 
Ur catheter before implantation of the infected 
cuthetcr-pump combination tailed to produce en- 
docarditis, although bacteremia for up to 7 days was 
noted (/*-3), When rahbu* with left ventricular 
catheter-induced valvular vegetations were infected 
with a bolus duse of 10*' cfu/raDDit of .V, cpidenmdi* 
strain RP62A, endocarditis was established, but 
immune rabbits were not protected. Presumably 
this very high bacterial inoculum overwhelmed host 
defenses. Finally, three rabbit* with left ventricular 
catheters that received a sterile catheter-pump 
combination 1 week later tailed to develop bacter- 
emia or endocarditis over the next 3 weeks. 

Sucitrcmm und Bndutvrdtua in Actively 
Immunized Rubhits 

Similar to results previously reported, 2 ' immuniza- 
tion of rabbits with PS/A Irom strain RP62A induced 
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FiGukl 3 Chart showing occurrence of positive (■) and 
negulire (CI) blued Cultures obtained on fiusiinfeclioti days 1-27 
resulting from insertion uf cuttmten, conluminuted ntth Staphy- 
lococcus cpiclcrmiUis strain rW62A Hubom ncre cither im- 
munized with udjuvuni only {nonimmune), immunized mth 
puriluM fSlA {ySIA immune), or imrnuttevd wth S. wpiilcr- 
rmlis strum %£3<A) CM immune) *. rvo eultum tuken. PSIA. 
polysu^hunde udJ,e,,n. TA. "-Mfcgjjg^ &£>ffl t , rt .^ Mnut 
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Figuri. 4. Graph showing concentration (vfulg) of Staphy- 
lococcia epiacrmiUis RP(>2 m aurm. vutvt rcgeiatiuns of 
nutiurvnunc r«W*i/v unU rubhit* inmu*nt2e<4 *>iih e t //itr purt- 
fivti PH/A or S. L-pidenniUU iiruM (TA-unmunc). Tht 

open ht*.(e± (Q) trulteiiir *>uU*c\ jar mdlviituut mbt>iix. and the 
dosed Lt/cUi (•) t/idtCuff i fn: median for each &ronp. PS/A, 
ptriysaLLhuntte aUn^tft'TA, itiihotc m:ui. 
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Taw.* \- Summary uf Blood CuItwi* Rr&ulr*, Attivefc 



immune 

*WUiS 



No of 
rabbits 



Ptteiuyc blood 
ciiliurcfeftaial culiurc* 



percent 



8/60 
18/23 



13 
78 



Nonimmune" 
PS/A-»mmunct 

TA-inimwRc^ _ 

♦Non-immune rsu»t>iis upmuni«4 w,m crumple Frcwud's *dju- 

V& t FS/A-immuni: raM>»i> immunized >*rth purified po|ysacch*ridt 
aqnssm from S eput^mnOis snam ftF&2A 
?TA-immunc. icicnoic aod-immune rawsiu immune with i 

a higtwitcr antibody response to P5/A bur not ic TA, 
whereas immunisation with 5. epdermidis strain 
SE360 resulted in the production of antibody to TA 
but not to PS/A (not shown). Then; was a marked 
reduction in ihe percentage of blood cultures that 
were positive for 5 epidermidis strain RP62A dunng 
lJie 20-22-day study period in PS/A-immuni^cd rab- 
bits. Sustained bacteremia was noted in only one of 
*ix PS/A-immune rabnits versus nine of nine rabbits 
in the nonimmune and strain SE36Q-immunc (TA- 
immune) groups (p<0.01, Fisher's exact test, Figure 
3). Only 13% of all Wood cultures were positive m 
the PS/A-immunc rabbits, compared with 84% and 
78% in the nonimmune and TA-unrauue groups, 
respectively (Table 1), The reason for the dcam of 
rabbit 198 could not be ascertained at autopsy. 

Examination of the results in figure 3 indicated 
that detection of a positive blood culture on a given 
day could be dependent, in part, on having a previous 
positive blood culture. Using the method of Connolly 
and Liang** to take ifn* effect into account, the 
estimate of the odas ratio for obtaining a positive 
blood culture comparing TA-immune rabbits with 
PS/A-immune rabbits was 7,69 (95% Cl, 2.8-20.8, 
p*=0.002). The estimate of the odds ratio for obtain- 

PASSive flA»a»T Oat POST ihf fcCTlON 

TMBBAPV humb£r 

NORMAL 228 
RABBFT 228 
SCRUM 234 

299 

23B 

2«Q 

MA)> 23d 
227 
230 
296 
237 
230 

■ Po»1W»p oiooo cwltur* 
Q |W99t>vO W6W CultwIO 

FIGURE 5. Chan showing occurrence of positive (■) and 
negative (□) blood culture* obtained on postinfection days 
J -22 rvsulung from insenton of cutheten contaminated with 
SiapnyiocQccgs epidcrnudis strain hV*62A. Rabbit* were 
paiwtty utfuAtrd by an Oi/naitC pump attached to u catheter 
ttwnea mto the nghi jugular vtm containing either normal 
rabbu serum or monoclonal anftbocfy to PS/A (MAb). 
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ing a positive blood culture comparing nonimmune 
and PS/A-immune rabbits was 5.00 (95% CI, 2.0- 
12,3,^0.005). ^ ^ A 

Only one of six rabbits immunized with PS/A had 
aortic valve vegetations that yielded 5. tptdermutts on 
culture (Figure 4), This one rabbit, which also had 
sustained bacteremia (Figure 3), had 4.0x10'" cfu/g 
of vegetation, and 25 colonies of S. epidermidts were 
recovered on semiquantitative culture of the left 
ventricular catheter. In contrast, vegetations ob- 
tained from nonimmune and TA-immune rabbits 
were all infected with very high concentrations of 
bacteria (Figure 4), and all left ventricular catheters 
were culture-positive as well. 

Contaminated jugular catheters used to challenge 
the rabbits with S. epidermidti remained culture- 
positive in all experimental groups, although the 
number of colonies recovered from these catheters 
was slightly lower in PS/A-immune rabbits (3.8x10' 
to 6.1 xiO 2 cfu/cathetcr versus 3.6xl0 2 to more than 
10 3 in the nonimmune and 1.3* 10 2 to 8.4 xlO 3 cfu/ 
caineier in the TA-iramune group). 

Bacteremia and Endocarditis in Rabbits Passively 
Immunized With Monoclonal Antibody to PS/A 

Passive infusion of monoclonal antibody to PS/A in 
ihe dual pump endocarditis model significantly atten- 
uated bacteremia compared with unprotected rabbits 
(Figure 5, Table 2). All rabbits receiving normal 
rabbit scrum had sustained bacteremia, and 77% of 
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Figure 6. Graph showing conctntranon (cfu/g) of Staphy- 
lococcus cpiOermidii RP62A in aortic valve vegetations of 
rabbits passively Infused with either normal mbba serum or 
monoclunul antibody 10 PS/A (MAb immune). Qmmmative 
v«/m«- for (he three rabbits infuse4 mth normal serum that 
dieii (see FtgUre S) »ere not ubtatrtea, but these vegetations 
#er< «u found to be colonized with S. epidcnmdi* strain 
RP62A by cnltt*nng (he veg*l<J«Wi in trypuc soy broth Alt /iVc 
of (he vegnuuons fmm rubbitu infused wi(h (he MAb mere 
sienle Oy (his method. 
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Tabus 2. Summw* wf Cuimr* Hcsuli*, Kablws Kevins 
pas sive Immunoglobulin PropnyU»i» 

Immune: Iherapy No ol Pos»i,ve Mc<i4 Percent 

PY rafrb.is c»lture*ioul c4HuTt» posmvc 

Normal serum ft * 3 ^ 3 79 

Mad |u PS/a- o W^Z 

•RatHJiis rnfu**4 wiift monoclonal anti&QOy (MAt>) IXU*. spe- 
cific lor cap>MJpr poly^acctiaridc uUhtrs.n (PS/A) of *' ep«i<rmtai* 

all blood cultures obtained in The 20-22 -day experi- 
ment were positive. One of six passively immunized 
rabbits had sustained bacteremia (although one 
other rabbit was bacteremic at the lime of death on 
day 3), and 21% of all blood cultures were positive. 
The odds ratio for obtaining a positive blood culture 
from a control rabbit versus immunized rabbits was 
5.5 (95% CI, 1.6-1BA ^=0.02) 

One of the six rabbits given monoclonal antibody 
had infected aortic vaM? vegetations (Figure 6); the 
remaining five rabbits were culture-negative even 
when nonquantitative broth cultures were used Rab- 
bits given normal serum infusions were all culture- 
positive; in three of these rabbits qualitative cultures 
of vegetations were not obtained, but broth cultures 
were positive for S. epidcrmidis strair. RP62A. Cathe- 
ters were not routinely cultured in these experiments. 

Other Measures of Infection 

As in results previously reported for raDbits with 
catheter-related bacteremia caused by 5. epidermi- 
dis™ the rabbits infected here also developed hypo- 
glycemia and hyperlipidemia concurrent with positive 
blood cultures. These metabolic change* were noied 
for inferred rabbits throughout the entire 3-week 
study period and provide an independent confirma- 
tion of infection in the rabbits. PS/ A immunized or 
monoclonal antibody-infused rabbits did not develop 
hypoglycemia or hyperlipidemia unless they also had 
recurring positive blood cultures 

We have also previously reported that rabbits 
infected with S. epidermidis make anybodies to the 
TA antigen as a result of infection. Similar findings 
were seen in the rabbit* that developed endocarditis, 
in that rabbits actively immunized with adjuvant or 
infused with normal serum made antibody to TA 
isolated from strain RP62A (not shown). Significant 
(/><0.G5) increases in titers were observed from 7 
days postinfection to the end of the experimental 
period. Rabbits actively immunized with PS/A or 
passively infused with PS/A-Specific monoclonal an- 
ribody did not develop endocardia or have a signif- 
icant increase in antibody to TA. Two exceptions 
were rabbits 165 and 23a, which had received an 
otherwise protective immunotherapy but nonetheless* 
developed bacteremia and endocarditis. These rab- 
bits made immune responses to TA Rabbits immu- 
nized with S, cpktermidis sirain SE360 had preexisting 
high levels of antibody to TA and made no further 



immune response to this antigen after infection (not 
shown). 

Jn previous studies, rabbits wuh catheter-related 
coagulasc-negative staphylococcal bacteremia failed 
to make antibody to PS/A as a result of infection. 23 
We again found that rabbit* actively immunized with 
adjuvant or S vptfttrmidvi strain SE360 failed to make 
antibody to PS/A (not shown), despite the develop- 
ment of bacteremia and endocarditis (Figures 3 and 
4). In ihe passive protection study, however, rabbits 
infused with normal serum made a modest but sig- 
nificant (p<0.Q5) immune response to PS/A starting 
12 days after infection. The reason for this is not 
clear; this represents the only situation where we 
have found an immune response to PS/A among 
infected rabbits. 23 Rabbits infused with monoclonal 
antibody to PS/A, including the infected rabbit, 238, 
failed to make antibody to PS/A during the 3-week 
experimental period 

Qpsonophagocyiic A&iuyS 

Killing of S, cptdtrrnidis strain RP62A by human 
polymorphonuclear leukocytes was observed after 90 
minutes in the presence of both monoclonal and 
polyclonal antibody to PS/A from strain RP62A 
Comparable polyclonal antibody preparations have 
been tested previously and found to mediate opsonic 
killing, 23 while the monoclonal antibody IXB2 used 
in passive therapy of endocarditis ha* not been tested 
previously in opsonophagocytosis assays. The mono- 
clonal antibody at a concentration Vto of that used for 
passive protection against endocarditis was signifi- 
cantly more opsonic than normal serum, mediating 
phagocytic killing of 70,7% (^<0.00l) of the inocu- 
lum by 90 minute* (noi shown) This was comparable 
to the level achieved by a 1:30 dilution of PS/A- 
immune polyclonal rabbit serum (65.9% killed). In 
contrast, in normal rabbit serum the inocula grew to 
171% of the initial bacterial concentration during the 
incubation period. 

Discussion 

The results of the presem study suggest that iro- 
munoprophylaxis may provide a reasonable approach 
to the problem of preventing endocarditis caused by 
coagulase-negative staphylococci. We have demon- 
strated that immunization with a surface polysaccha- 
ride of S. epidcrmidis prevents bacterial endocarditis 
in a rabbit model. Passive infusion of monoclonal 
antibody to this polysaccharide was equally effective. 
Trie precise mechanism for antibody-mediated pro- 
tection remains to be resolved. It is tempting to 
speculate that antibody to the polysaccharide, 
whether actively or passively acquired, Interrupts the 
first step in the pathogenesis of infection - attach- 
ment of the staphylococcus to the foreign body. 
Indeed, monoclonal antibody inhibits adherence of S. 
cpattrrrnidk to silicon elastomer and other plastics in 
vitro (unpublished data) Although wc have not 
tested the role of staphylococcal PS/A in mediating 
adherence to all of the specific materials used in 
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prosthetic valve surgery, considerable ciirucaj experi- 
ence suggests that S. epidermidis avidly colonizes and 
infects a wide range of prosthetic materials of various 
compositions. 1053 1330 - 32 0 
On the other hand, u is possible that antibody to S 
tpidermidm polysaccharide protects against mfecuon 
by a more conventional immune mechanism, opsono- 
phagocyrosis of bacteria in blood. In addition to 
functioning as an adhesin, PS/A H an important 
component of the capsule of 5. epuknnidv. We found 
that antibody to PS/A promoted opsonophagocydc 
killing of S. tpldermidls in the presence of polymor- 
phonuclear leukocytes, as would be expected for an 
antibody raised against a bacterial capsular antigen. 
We have found serologically identical polysaccharide 
on the surface of almost all clinical isolates of 5. 
eputermidis we have examined and have documented 
opsonic activity of antibody raised against strain 
RP62A PS/A for several other staphylococcal strains. 
Thus, these immunological principles should be gen- 
erally applicable to the prevention of £ epUtermuUs 
prosthetic valve endocarditis. 

The rabbii raooel of endocarditis used in these 
experiments differs from rabbu and rodent models 
used by previous investigators in two respects. 33 ' 35 
First, the bacterial challenge occuned 7 days after 
insertion of rhe left ventricular catheter rather than 
after a 24- to 48-hour interval- More importantly, a 
relatively low, persistent bacterial challenge was de- 
livered by a contaminated catheter in the jugular vein 
rather than by one-time injection of a very high 
bacterial inoculum through a peripheral von. Our 
method was found to produce endocarditis very 
reliably while exposing the left ventricular catheter 
and aortic valve to levels of organisms more likely to 
be encountered in clinical practice. Indeed, in order 
to establish coagulase-negaiivc staphylococcal en- 
docarditis by bolus injection of microorganisms, a 
dose of 10 9 cfu/rabbit was needed, clearly well above 
any level of exposure a pauent might receive. Not 
surprisingly, this level of challenge dose over- 
whelmed host defenses when we tried to protect 
rabbits by immunization wi* PS/A- We also found 
that endocarditis was not produced if the catheter in 
the aortic valve was removed before bacterial chal- 
lenge (data not shown). Thus, it seems likely that 
infection of the catheter itself occurs initially, fol- 
lowed by infection of the adjacent valve leaflets. 
Therefore, this model may mimic some aspects of 
prosthetic valve endocarditis because of the need for 
a foreign body in the heart m order to establbn 
infection by coaguiasc-negative staphylococci. 

Native heart valves are relatively resistant to infec- 
tion with coagulase-negative staphylococci. Although 
coagulase-negativc staphylococcal endocarditis 
clearly can occur on damaged native valves, 36 - 3 " such 
infections arc uncommon. In contrast, prosthetic 
heart valves of all types are prone to infection with 
coagulase-negativc staphylococci, especially S. epider- 
midts, which is the most frequent cause of prosthetic 
valve endocarditis. 1 -* The vast majority of cases of 5. 



epidermidis endocarditis that occur in the 12-month 
period following surgery appear to be nosocomial in 
origin.'- 7 - 30 Inoculation of staphylococci probably oc- 
curs most frequently in the operating room. The 
principal source of S epidermidv is the patient's own 
skin flora, but carriers of S. eptdermidis on the 
surgical staff 3 * >** and contaminated cardiopulmonary 
bypass blood* 1 have also been implicated by careful 
typing of bacterial isolates. Some valves may be 
seeded as a result of intravascular catheter-associ- 
ated bacteremia, which occurs frequently in the 
immediate postoperative period, 

Regardless of the specific source of the roicroor^ 
ganisms that infect prosthetic valves, S. epidenmdis 
endocarditis is very difficult to treat. Infection fre- 
quently involves the valve ring and adjacent myocar- 
dium, leading to dehiscence or valve dysfunction and 
conduction abnormalities. 7 In addition, the majority 
of strains arc methicillin-resistani, which consider- 
ably complicates antibiotic therapy. 7 Not surprisingly, 
surgical removal of the infected valve is ultimately 
required in most cases. 7 - 30 Thus, prevention of infec- 
tion is of paramount importance. Unfortunately, the 
usual cephalosporin regimens used for antibiotic 
prophylaxis are ineffective against methicillin-resist- 
ani strains of staphylococci. Resistance to vancomy- 
cin, the most commonly used alternative antibiotic, 
has already been reported. 42 Inoculation of the heart 
valve might be avoided in many patients by scrupu- 
lous attention to surgical aseptic technique, but even 
the most experienced surgical teams have been un- 
able to prevent this complication entirely. 

In conclusion, jmmunoprophylaxis targeted at the 
capsular PS/A of S. epidermidis may provide a prom- 
ising new approach to the control of staphylococcal 
infections of prosthetic heart valves and other im- 
plantable medical devices. 
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Relationship between Surface Accessibility for PpmA, PsaA, and PspA 
and Antibody-Mediated Immunity to Systemic Infection by 

Streptococcus pneumoniae 

Dermis O. Gor. u XuwUmg Diftg. 1 David E. prito. 2 Michael ft. Jacobs, 1 J and Neil S. Greenspan' 3 

lnSfllute or rauuiltw Cast W*«*m Reserve (Mump.* and Dcpammrm of Oology. UftivenUy Hospital* oj Cleveland.- 
C^lZ S'aud Department *Abcn*h*m "fAMumu a, BUm^ham. Hirmi^m. Alabama 

Kswived ? AugHM 2UU4/heturt>cd to. jni«litii.-a.on 22 Sq.tcniner 2004/ACeepu:.i 26 OetoP<:r 2UO* 

Antibodies to capsular polysaccharide (PS) are protective against systemic infection by 

the larg* number of pneumococcal serugroups and the age-related io.mam.gen.c«y of pure Pi, nmit 
S! o PS-tosed valines. In contrast, cell wall-associated prote.ns from different capsular 
£ cr usVrtacwTe and immunogenic in all age groups. TI.en.rore. w« evuluated three poenmoeoccar profits 
^th mpeci » relative .cMrffil* to antibody, in the context of intactpneumococci, and ihe.r -.bi .1) W>ehc« 
uroiectiin ag».n>l systemic infection by encapsulated S. S^uawe. 

?a"J udhesu. A (PsaA). putative protease maturutiou protein A (PpmA), and the N-lerminal region or pneu- 
Sociical Surface protein A (ftp* I from pnen^ae s.r«i n A**l w«rc cloned and c» P . e«ed in *a**™<*«. c> 
Xrhe pre^ne/e.r ' ne, encoding PsaA, PpmA. and PspA in 11 clin.cul isolates was cxum.ned by PCR, and | 
£S£t protein* by each strain was examined by Western Wotting with «» *« | 

respVciive recmubiuan. proteins. »Ve used flow cytometry to demonstrate that P*PA w« rcud.ly detectable on | 
Surface of rhe pneumococcal strains analyzed, whereas PsaA and PpmA were not Consistent with these & 
oo^anons miJwith passively or actively acquired antibodies to PspA or type 3 PS were plenty | 
pjoucted from homologous system* challenge witt. type 3 pneumococa whereas mice with p^ively or 3 
actively acquired antibodies to PsaA or PpmA were not effectively protected. tti.!*c experiments support the a 
h"p.,H.e«s thai the extent or protection again,, syslemie pneumococcal ,nfteik» is .nftuenced by wrget antigen | 
accessibility tu emulating host antibodies. g 

g 

StirptiKOCCits pneumonia* ,s a leading w * morbid.ty cu! disease due to non-vaccine-reluted serotypes ( 14. 33). Th.s g 
..no mortal.ty in developed una developing countries (38; serotype .cph.ccmcnt phc..om«um tin, stimulated mierext ,n ? 
£a <h year / iwMWwr causes appro* mutely 1 2 miU.on developing vaccine strategic, aimed at controlling pueumococ- g 
deaths worldwide from pneumonia (43). Aritlbiot.es are effee- ea| d.seuse in « nor.-scro.ype-resir.cied manner A nurnhet •of | 
t.ve «t controlling many cases ot pneumococcal infecuoa. hot pneumococcal proteins that funct.on *S v.roiencc factors have ; 
lhe.r use di^s not p.eveoi mortality w.thin the first 48 h of Dccn .denuttcd and Charactered as potential «teme cargeis - 
prcseniHiion The cffccuvcncss of therapeutic care .s further Tor inclusion .n a univeni.il pneumococcal vaccine (22). icvctal „ 
constrained ny the w.despread occurrence of antibionc-resis- u f these v.ruicncc factors, including PsaA (42). PpmA (36). 
tant pneumococcal strains (15. 16), and xvvcr«! rcuo^pcct.vc „nd PspA (7). have been shown to tx- ccll-*all-associaied p.o- 
stud.es nave reported essentially no Change >n fatality rates due [cms expressed by all strains of S pneumoniae analyzed to date 
to pneumococcal bacteremia ovd the past 40 to 6U years (2. The genes for PsaA, PpmA. and PspA and Weir corresponding 
2h) These factois have stimulated rcnc*cd .merest m the proteins tiave each been ciiaractcrwed .n multiple pncumt>coc- 
prevenuon of pneumococcal mtections by using vaccmes cal strains From these studies, the general uDscrvaiion *as 

Propnylact.c vaccines based on capsular polysaccharides „, a oe that PsaA and PpmA arc highly conserved, whereas 
(PS) ot the pneumococcus arc currcnily the only licensed vac- rspA is relatively more variable at the DNA and protein sc- 
ene available agmnst i'. pneumoniae. The 23-valcnt PS vac- U ucnce levels, among pneumococcal strums We recently re- 
cine i.-. not etfeciivc in Children younger than 5 yean. (12), ported that nnmuniiation of mice w.m PsaA was only modestly 
whereus the recently licensed 7-valctit conjugate vaccine only protective against lethal syiicmiC pneumococcal infection and 
coven, » hm.tod number of pneuinococcnl serotypes (IX). Tho Ua , m ^ rc j:)i,vely limited vaccine cihcacy was correlated with 
effectiveness of the 7-valcnt conjugate vac:mc at reducing sy»- ,nacces»ibility ..t antibodies to PsaA on Hie surface of an mtact 
icm.c pneumococcal d.sea-.c Ouc to vaccine serotypes and encapsulated i' pneumoniae type 3 -.irani (17). 
cross-reactive sriains i> well tjtablishcd 50). However, th.s w e qnocnoilk me present stud.es to increase Our ur.der- 

euccuve.iev!. oi the conjugate vaccine is aanially cOunKibal- standing of the relationship oerween accessiDiiity to antibodies 
anced by recent reports documenting increases .n pneumococ- of po^,^ vaccine targets on a diverse panel ot pneumococcal 

strains and ability to elicit protective annboUies. Wc describe 

ihc accessibility of the cell-wall-associaced pjoicm* PsaA, 

' - : Cunvspondine uutnor Frese.H aaorcss. sc:t.on ut intccnous uis- PpmA. »nd PspA in 12 pneumococcal strains. We also assess 
w-asv.. X.605. Boston Un.ve.».ty MeU.eal Cem«, a?0 AtlMnjt si Bos- f immun.aat.on with recombinant lOntiS of 

loo. MA 02! W-23». Pnonc C«l?) 414-5252. F.x: (.17) *t+*M ™ «V ^ ltnnJuntoati0ll Wltft poly- 

43(14 
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SURFACE ACL'ESSIBlUrt OF PNEUMOCOCCAL aNHCEnS 
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• Pncumwuxval iMiUfc* vv tTf v.DUi.xd ir^m fu|l*a^ 
(I'aiM WeMejii Revrrvc t:»,vw,*.T.v. O^Uafl, Olii"! -4«>d P.^'J 
vuv ol /MahairtJ. b.rfm#.a.H«m) iftticauJ. 

'■ ^ifain AOf>.l (capsular lypc i.i I U>r.vi,tjvc vq Cliili- ul i>oWa 

/.iule:.*? wt cIm. *r*m M~ bee., m^iumed uy labors y*™ 



M. JacOOx 
M JjvVO* 
M JaC0l» 
0. BlUCb 
M. Jacop* 
M Jacob* 
M Jacobs 
M JdCOt>=» 
M. Jacob* 
M. JVuns 
M. Jacob* 
M Jacobs 

MilIIulI Jacob* 
&nlc*» (Un»^r- 

aoo (3). rue 

i^p III ,U,CC U*T 



YAbLU 2 Sequence* of oltSPAuclcOtiCto primer* w>cO lor PCK 
ajnplittcuiion and cinmng 



Ccne frimer 



Seance (S-3)'" 



clonal aaibcra raised afiaiAst these piuteir.S, to protect mice 
again»i lethal systemic pneumococcal inlccuon. llw implica- 
tions uf u«r result* tor pncumucocCiU vaci-uic t**^ « n 
hi&hly wnwrtj surface protein are dUcusscd. 

materia*-* and Mtmooa 

(vf (Cw rci cigm-w«vk-ow uaLG/c miu- »oc ftuio.>d -nflcr a^pc-pubo- 
ucn-i»« uutuhuun. ana given >.-nic tout! .u.d wute. ad Lb.rum rh* ,u,ce were 
Lr.na-d homlauuiuc K-rmv Gciflij..i.«.n. N Y. Th* Ca.e w^wr.. Re.>*rv. 
Uniwr«.> UMilwiiOiiJ Aninn.l Cjre and U,c Lorn.P^ce a PP r.^.d M -r.^l 
c^p^iiincnth. 

l$^,cr«. f^mflm PhSn. (Wiv.Uuficr.) u,cd *s tr.c h0>i ImT ru-M 

pt.y^S iNOvafim. . Madi>MU. Wi„.). t. «J* wefc culluied m U*j8 bro»l» 
.opplpwcuied war, «nub.uuw> V^uleni i ^.t^c^wr ^i^jn AOO.l (3. 0) w,j> 
ww a tui CtlaW^isC cxpe.iriK.H* n »uuw» * I'^um* ON a lur ICR 

«nplrfiwail»iii ^xpcficnciu t -Unii.il i*>lwc, ul >. ^..»it.m«r t mCMmi «rgtypc, 
.vpun^tok foi Itw .n-jouiy U fHK-umuv^ol .(ItewlwrP ••• WnacJ Siutc. 
«2*i) w^c «cteCKa r,o,o ^ |*uft of app, ornately Hl.UOO .oJePvaa^ir t bQl.il*> 
.a the Ufiivcrxiry llo^kiuh Clevcl.inU. ClcveUitU. i»,.J arc U«cJ ,»T.iHl« t s 

w.rl, S.*: h |iwcp »lu..u ^r>K«a .i^r) ui ... T.iW-liewili w\U H>|»icnwni«l wifti 

>l^*>.V wAUU.l (OiltM. UetT^il. M.Lft.) 
r-nMlMC^c, »f <W.T,l*.iaAl P-aA, r«pn,A. MIU ISp/^f he p.u*M.*..M» »f fe- 
corrPn.y.rt P^A Ppin A. ind t^J>A wu. a,-(,^^d hy PCft 4mp!.l»v.,«.0.» Ot p,»eu- 
muvv-c-i ucue^ v,!U >u&>rqwwui duii..^ -Od cxp*r«*i«,| ot the ^»e^ ... £ COU. 

uh^nucleonda piimen u-d ,n Pt B ampl.ticaiion espcr.mc.\w "cic m pa.- 
vh-Ivd tiam I in; CclUAvW^. HkcImmi*. Md . -n.» 4rw haled in 1«Me 2. n.v«- 
m»«iOL.i| gcuus u,cd tur pivHcm e^prc«»*;on were ;m>pl.Aed Irftn. ficnv,m»t PNA 
J fnniMHri.* I Iff ^»»S «c h^U-nu.en t j- Hw.^Wc DNA 

pujyine^^ ri.miwm rju r«Ui»oJo^e^. 4 coding *c S ucncc iur ounhp.- 
daw*. nMi-rc P«jA un. P l.»iod wal. trie pwflct> V»4A 2l(F) ^nd finA 
/ \055(H)- tJ.c codMi^ *cii«ci.CP t<». ..^uhpidiicd. matwrv PpniA was .wnpLftcq w.ih 

me pr.mct. PpmA 22 t f) and Pp»nA >i3CA>. «uU 10= C"Oi^ *qy.BCP co.re- 
M K N i<Iifl& ui the n.oiwru N-tt-.miu.d ic b i0.i of Pn>A ,.ic|»rtinii the fiM i.i «.c 
cr>oim^^,M.dj^ r.-pv^* C^) wu wup|di«d {•> u..o i; P» P a 2o(F) ^nd P.pA 

41MIKJ The cuJ.uk o^a^co tut l^A. Pp.nA. a-u1 P-pA w^d tv/. prvWUj 

^ JIC .. were M uuO p»a,rmU r tTT20t.- ^^Ov M ^;CMj 4l Che Ned and XI.Ol 

4lWk . w „h I iut. On5u a* U.c DuiwnaJ Uu^i L->vM rv^mPmaMi pimcin •* 
hiukcd by . pfa*.ttid-cnv*HWd N-ierm.r.ul S lag and 4 L-[erm.»«d polyluM.4H»tf 
i ia rui rvhwmiiauiu pr,.^,., ^pTs>„.m. luomM-n. pf I ^ pk^m.d wh. 
...MftrnJ u.iu the ^ e A pr«>.*u., *.i-in pUitUE3^.ij^ R B v..n t UMiuni 
...Ote.n BJi prc^»», w« »..tMted hy .nfluCluffl w,tl, iKHJ (^.prup,l-p-uVlhmg.»- 
ULio w r>i^,dc) and proic..^ wcrC iiMf^L-u trari tnc .ulul-le firttMon ui rvcOai- 
bumnr A ftrfi i y .aie> i>y u>mg mendl attmuy chrtHuWugraphy fain and Duttri, 
(Nov^ed) ^oo.dini: w> [lie maNMrwturc.'h u.ur^ticii* Kn>tc.i> cou.euC^ium, 



2JtF) 



AATCCTCATATCCCCATtXGC^Cftt^iiija;;:^ 

uua^aiuca^LUc: 
ArrCCCCTCCAGAAGCTTCCATCCigCCftaud 

rtcagwuaLvd 

22(F) AATCGICATATGCiCCATGCaCicuaays^K-ag 
aajjst^a^aC 

ATfCCCCTCGACAAGLTfCCATCClU-bUUjat 

tj[aC(HCl^Cll^agC 

a aTC'GTCaT ATG tj C" C A T I } G U Cue t a ct r Ufcjr j a £ 

oi/CajJaa^'.ig/tC 

ATTCCCCTcaACAAGCnOGATCCacLgituvt 



313(H) 
26(F) 



r>^UtcCagCC 



- £v u m»K»i arpreMjm die hM ^muic» ^cd e»^>dvd t>y »Df u»n»*ra (f ) prim^ 
„r dtp ia»i .,muu» aCid c.iw«dcd by rhe (R) pr.d->.v cc«pc4,i.» U ly All 

aumhcriub n i»rc-pr<» mtijui i^-id ^et[uv»KV% tor catfti jjw.ic 

" KL-MrMivii »n ..^n .wit^m «u .m, .iud ? (r>^» !ut r- 

mid Ah»i to, -R" unn^r>) are u. bouj^ce: mu-lcwudo ui lowers *ic den^d 
jrorn \cquenc»;»i «t each ^oi.c dcbuoitcd if CcnBank 



wore e«wna!ed b> u«'bfi «b» aradturO tni.o G»o-Rad (H«.Ciilc«. C.dif.) TJk: 
rucomb.nam prdic,n> w«r« four. .unii/*d (M.lliporc) and .lured ui 4 fc C 

Owfcwuo «»r rncudms p09um»«;oci=»i cull-vall.a^liired prufema. PCR 
jmphiieaLOfl wa* v»KJd xo dcmori»Uilc ihc pn»«»ifc or gcne> ^ni;od,nt; P:*a.V 
pp,oA. a«d Pi»pA »n Btiim:«l iwu^> ut /v«-«i»-/^e ?uT ih»N pmpu*t. tt cnvb>.c 
fjNA» were picumicd fTiMn ll pneumvMivCal >rrain» t*y u^Og a ^iMHIItf ON A 
,*ol*uo,i k«i lU»:.tfinj -ir-d *cu- «wd ic-mpljiwi Uu PCK amplil^uun ^ih 
iuq p,»|ym«a«: (Ful^r) w,da dw pran^r. li-^ed .r. UNc 2 AmplifaauPn pn^d- 
uJlo wcr w clesTl.apliuu^od IhruMtfll 1% i.«u!\P-c *Vl* *.iQ wi*h.»I«l.4 by Mainu.a 

wiiii uiii*diam irrunudc (0.5 r ^ tni ) 

PrMjurttun wf brtwaaAiabtf ai««se m:ih a*am»l uiieamMO)ce»H ttiilifieOi. rly 

pcuuimuiiP iptw »cr.i fr p^.rlc roi P^a uni-PntA). PpmA (antt-PpmA). o. 

r^iA (am.-r'*pA) were ^rw. Jlcd by mirapi.filu.iejl (..p J .,i»,i|unualiuii ui ,n,« 
will! eavl. recombinant prOCcd) «m»l«fivd m anomplalc i icai.0 > lUju^.u (irA) 
(4.J ra;.s» [vol/vwlj). Sera .pcv^K lor lyOC 3 («M»U-PS) w«W bC|«imed by 
jnotuutai*; ro»^ 4 P iw»cc Uno^y ,mcnui% *.tn rypc 3 l»i> Mii-.acd irum uw 
Amcr.can Typv Cuilaie C^\W^i) »\ pm»pt^ic-nuncred vd*ac (PBS). ?^al 
prtptrvd lion blood mikv&eil 2 w W cks axicr ihu fln4i anmun./uuaa wcil 
nioted 4i ~'2irC unul u»cd ro. j»»4yr 

I Median tif wnnl'Mdioo lu pnromuLfccnti *nu&u*> I'Dc Javci* or annbud^ 
i.p e *:»fic Iwi PsaA. PpniA. ot r*»pA ui ac.a irnm i.nrncb.±ed Tbi<-w w^ic mubjlurvd 
by ,.,itfynw-l»iktfJ .uinww-imcrt :..*..>• l»d-^A). pr«.M«My de«cnb»d (17) 
i,».iuilwn i piuic, (Dyn.u.vn. Cn. t nv.liy. Va ) w«r« t;u. llt d w.ib rv^ni^n.a.1 
PsaA. PprnA. Ot P h pA 1 10 >.aynil. JUU ^1 pe. well in PBS) owcrn.jjld 31 4X. 
jnd.v,owai ^.b t».im unuiMrti/td m»^« were ie.M«d d-p|.c-ic. n»« u.ndnm m 
«,il«bvd w-t tu Qlcii rttfiulc anr; S em wa» UcU tUd by b|k«lmc pbo.pnulaw 
conju^icd fioai *iin-*i»ou*s ,mmM*io B k»ftulin fc 1k-ci>imi .ipewiftc. Souiliem 
^wbnolojyo. b.rmJnjd^m. Ala.). Mjowvd by rti^uun in ^.niiruphciiyl ph^- 
pnaic (SiidTia). Ard.Dody liur* wcic dere.m»^d ^. Ibc bi^nv*! fl.luC.un id >aia.n 
tf ivinu a Ck-reCtablo fcltaOibatt*: rabiLAfi jbv^c biekj;rfliind. haekb^Ound .n all at 
itw bT-1S/\i *-o5 defined a* ih*: mean dOiurttancc vuluCi f«»i ^•♦n i»m,iinvU MOifl 
mice unmu.iixod wj{U rn^u^ ^ejidb allmm.n (MSA) diluted i ro IUU m P05. 

Thc*e backjiiOu.id AbsurTVaOCc vaIv*^ were ClO>u n> /CfO IbTimiihOal all Ot ins 
^rxr.mcnu portumied jnd *ibiii..r.ly «*.yicd a u»r oi -»U^^r «aa» 
r^pvci^c n,mj;en icvtcd by flLl&A A,.t.bOi1y Lturs koccibw «0i type 3 Pi -*»rc 
dwii.rm.nvd m « Mmdji Jaiiuou by roiyoip pMW* C^uiic. Kw»kdd».. tKn- 
,nark) co^cca w.lb lypo 3 PS LIU ^a/ml. I(KI ^1 f«» ^clij Ov^m^bi bi -» B C a* 
prov.Ouo4y billed (27) ^cr.bl d.lul..»n> wl >ci , wrr* HMtU »i flapl.Cak- Our 
o03CPMliun IbJi MiA-imaiuuucd mivw cxmD.led lu*» b^Kjiioana ab»oina.^e.» 
i v caLli ot the p»aM.iiOCOii*l aiU^c, re>iod by ELlSA piOndcd jCW.I*u,ut 
..viuViux ibai tbw culHMia K-f "mvI. ^valujdvd m Oitf-c expurimi-iiia had n»a pn.- 
vioa>(y been ^Apo^d lu V p>iom»/**a*«/i:. 

UifdCUub orpnfc^movwcval pruuiu c*pr^**.an Oy polyJuOlamine *e| elddra- 
pnvrv>i* -an Wi.-a.cwrn r>iut afioly»«». K^fombavaa ho^v. PpniA. H-pA. .md 
v»m>lc-Ccll ly>atPA or S. pneumonia* <ara.n> ^iid SaUtVwtlf *f**ftrtt rcrova. 
lypnimuT.um or £ cott mM{.Q&)?l.y*S a* * ac^-nvc cumrulj were* ju^oci^d 
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Hub COK U'i' AU 

.od.uro UotKCyl ,uH-ilw-i2% pMyacryUnnde B el -ivCifuplwjv*- lbD^l2«. 
H/\Gr.i ,,u c|caropiio,ct.v^ t.Wcrr.d to jMy^iyl^nc rt.n\,or,^ mem- 
^„e.,W.-K*d> lor We.iern blut l*dmdu4l tloi, ^ .eavud mil, 

h>|1 cn^^ *er^ ,pcc«iv t,. Cihcr P»A »i..»A ( oi |-*A The .manure* 
*t 1C fruHwqucTHl, ^CutUHd p tk u>pl,«^-v*W»^ am* 

11U)U « muuMnu^huLn C (\ h C : v OaMi>pcc,lii.. ^thrn. Binicirmolojj.c,) and 
Ucv, lvP vU hy k :,.uDauun ut tfCtP c>.n 4y m^4--.»iuru-.*-W.uulylpnv,ph-icM^ 
HutilHft tctr^.hmii ^N3D chio.m.jten.c pho. V h*U*e ^. H nu) 

Ovtect.un v r »Hrt-« esp.i^oo pneoinvvvv^i pA**.r*. liHfcrta ..nnmn..- 
rt H u iCo wi>M. wu, urn** out u. ^ m.ne Hit- aoihry *..LOtid W r«*cO I 
rcco.nmr^.t pneumococcal .♦nfcaen* to hmd 10 ihv »«rfuix ot .nUCl * 
„ (0 , (( „e previously downed (17). t,,yo H ie>cr>oM ouaena uoucpondmg to 
j 2 v ,icujfts<.^l .*Hjw» wc.v rtr tf 4lu.fl .n u *viq*4lly umo pinud <**r uUic* 
iMybM lor --i3 n ai 1TC. b-uurui w^c iwr«uicd m,m the puie*. *^cU »n 
^-r,u rtiS ana r^mmm ... auimii* Uutfci (PI** *' ,lJu 

lu'* v.un. Rimi cmwc .hovi.Uw4 w.ih MW ^ nc^uvu- uufurol, »r *pcC.r.i 
a„i t u.n> O'S r^»A, rp.UA. OT P*pA) /VI l*F H.*iu.lUsMi -.1 **C. hau*..* 

wa*lW ... rfMunix HmiIci and iu^Dated m Ui . I-5U 0,»hUoq "I >^ W I >"^« ' 

a furvj. tosm^irf at go.a .uUi-iiuimc i*C (HfU) <;>'"j"y.»*-» »<> aic».» 
rtuorw^il <ly7 iMuU-cuUr I'robc. Iru.. N^nc Ur^> ^ri^cic (Ron 
w.1,n*d .«> f Bb jntl *whjcwlcJ ui Puw cytvtl* tiy u*»n 6 a l^tun lJick»i»*m bciwh- 
, u p Muw ifyiuoiulvi m- o.a^ LulkUvJ *W ji.jI**JU Dy ^.^ LcHUuvH 

lytiintf Ml tflitiiral t«rr««nty jvj.I.iW*. guiu mO^o iPJi » ^ 



h Can he aiv 4 acd nilw Three anuta* ONa ^OPiK-c 



uiid lyinu, 2 (55^) vim t, Omvwr.IV 1% ) ^ ^'"K "Bflc^ ** niA y 3 

1 7 is) r>PA, arc highly a^r^vc (IU). ^ jn.»ly^ «uh wcII-*,Ium=J ur 

^,ih >»p.uiDeii>cr4. .c pu«iuu to ^«»p/^^ »t ^'>y \ *™ *«fy 1 * 

LUc.r .cIj^vu ttactivitw* w.tJi :i p.ur »»J .Mitiaeru n.^i- 4j;aiii*V l>r^c,>Cc family 1 
ui laioaj '1 piocrih* t^) 1m mr»e *l H d».> ji.mwr^ f».Utively »pec4if lu» l^uly I 
j»U 2 hprt w*r» «*d. -n4 iNc ic-cnv,i k o^ of pneumuLrtCchl ly>.»»s* *lth tnr 
Mli-fellily J 4uU witM..may 2 -v.* ^le.mmeU tiv Uot hiv;^. b» utcv»oi«ijr 
flc«c.i(»ea e^) F^r Uin Mac 4n«ly*i*. %cii4l OiImIiou^ i» pnPMnmcoccjJ lysau:> 

o.fid»n& mu> wjtn ni^-k.i>ij nutter t^OS cunu.ninjs i% ni^,^ ^tuin 
, ji j ul ,o 11.(15%. 1fVvc»M 7J)). die menrnnnc. were i ,CMl«ited m J >.0OU OiUi- 
Mt puoleu pwlywlu.tvil r^Pit *itii*cT* r-»^d ayainn r»*pA irvm Mf44n- RaI 



c^cc»j» o.ftdm& mu> witn ni^kipiy 

,,ll>umi.i u»0 H.W% 1fVvc*M 7J)). die meml^nc* were , .cmI 

un j IA*H& c^.rK.ipo.u.linu u. ra.nily I). «r pooled jk.^lo.nd r4M«i itinera 
Uiw4 a^.n^ |NpA irom Mr4,.i> V-024 ^,td V^132 Cwo-/c,pond«;^ M fcmiiy 2>. 
Aric; w^rtc. lUc n ^ em^M4/^c^ were intubated >c q uc. } tially w.tl. UmtiuyUUd 
»^i-«nn-r.ir>r»ii I b C v.nd Mfvpuv.j.n vwPjutfuicd ivoiJuUnc pn^pHamw C%>h<r 

dcvclupeU Uy u«,Og tiCiP-NBT k liT«»ndttcn«. phO»pl»ata>e »ut>M.atc. 
FCk M>cd in coqhiifl the VNpA f^m.JiPft l<y u»,ug ^enonnc DNA^i NtromS 
lJliiS rs ^t>:0 e H ujtly ^c|| wi.h I'^pA tojility t Min.ly 2 polyelu/lAl r<,ntM 

^iU tff5 .T« I., the wlCH I'M -^..y ^WfilicQ ^tn,vc. Oh B u.mClw M ».U»: F i.mer> tAMl2 
.,nd bi^ft? «-er« M~d iw dvisiui Utflily J rv«* •-•odin l ; ^ H ul<icc>. ,*tvo p».inei« 
USMJ2 -4»d ^Mlii wei* wVd M drt*a l*M*dy 2 |S|.^ cod.ng «4uCu*». rc- 

F0eun^Wi:C»» riMRnV uT-«i«4» .«»«iiym*e* ma-. BAi.»/c .u«.c tv Wi cd 
,„ c^Hc^ e*p*r»f..e.»t. were pr»r»cJ wuh 2^0 ptuol ..I c.itw, r a .iA v.r |-p'"^ 
( -9 1 jig) oi IUU p.uu| of ^»pA t ' 5 p*J. compki v f ^cu«d'» aUjuMUt (1:1 

r. ( u> IvulVilp o.» d:»y «r», and hou^a tfic >*tnc co..ccn tr.u»Li» 1 ot c^ch 

rv^pc^w JMl>W m irA li t T4UO L« *l4y U fh* arPvMiu. uf Pn»a 

P^pA mi immurtiMiiuiii- were t««d on ao^* «%cd t%» «bc,t rugt. niei> 
ut ^pevjt^ ^i*UoJy .n |.w^*ou. (47. 2d), Ami ilic ullUnml v.l Ppn,A ^ 

fur immuniwitiwiM ^raDI^U^d t<» prchmmary cjipeiimc»^ (d:.C- rtu; »4iawuj 
w< mwQ richer di.w» of rViA .u»U r*pO.A, uut.ve n P^pA. .■» order U< L-om- 
pen-u ioj the- M. B t.c, .mmurwsciiany V l J^pA ^:livrt t^cun.c ippmcut »n 
,)rcnmiri-»r> ,uo,w> Bai-i^c .rtice innTMiHWil «"li » * ft:^ 1 f s kfl * iaT,i ' 
«ii day, U -Him ti .crvvLj ^ po»uiv'»( conliub. ^nd imcw »ll]tfCH»d >*iih 1^ 
MSA Menle P&S served iicgjuve tontiOl*. Thv nmo-ru u*cO w,> 

t.u^d u.. prv^«i»* ^.udiv^ f>v im. UeWi.n^M«on e Ui^ inw dv.^ NwltcJ m ^ 

piut^covc t yi >c % i*&»»pcv.tvc i«u»3oay t«pmi*» »m CALb/c nucc 1 17. -y) All 

^lm.c* wer« jJ.jii.i^vd .p All m»*» wee Pled oay„ 10 *mJ 2. and 
wtmllenced duy 25. tndiv.dual ..era from ™ch imn»u,ii2eU mviM^e were iciicd 
tur H.u picscnce ul *pcuhe .intvUidicj priur iw uuUcr.^' pflcumococc. 
V,t-Iw,h iypv 3 S jmh^- t^H^in A<x> i) yruvrfl .v» iog plu>e prwp«icd 

u „ cl C( >»= v.h the i.p ro«tc in actively ttI iinu..iwJ mice. a» prov,ou>ly 

^r.tKJ (:7i i-^r j{Ml|wiit;c inl«cvion». mnx w^»rc ugcvicJ » p «nn«pproAtiii<4Wiy 
->UJ CPU ol viiMlcut yrtc^onme pUani aqo t ^typc 3) *wpcndeU i« f t)S 'fliw 
uumns-r CKU .vdm.. watered w.m* dctciirt.n*- ,crro»pcvi,v t l> n y pU.i.T^ 



dilulnM, Ot the miuc-Uj On l>KKid agar. Tl^ *u,W vt tn.Cc n.vot.to.ed 
tut »5 uay% wIim.Ii i"»c lh« uXjiei.mcr.u wc.v [ermmiicd . 

POeMmocuccal „ te ||r,i©: of pyooWf ly .mm"P**cd .thvi; TVo i yP u> ut p^«v t 
UimiuH^ueu J.^l Cl.SllcuE* «»K:nmcnv* we.e OenonpeO In (he ftr.l »er,« .»! 
u^erimwHU. Ihv ^oup, ul lom tu live ci,»«: tu hs vlUI^ wv,c P o>^et, 
.mmuuacd w>U k 1»0 *J in* hyi>c..ininuHC >ci^n to. i'a^A, Pp"^. I ^ 

lit lypv 3 PS (prepared ^ dv-TlPcd ..t^rv*) l>y , p. AjetfiUH Al 24 h -diLT p-»i^ 

HninHHiXutKin, c.wii «»ou^ wjiv challenued *»»tfapcnwiiB4Uy »nh .*p,nu*.n.^ei/ 
I uufj CPU ol virvU.H aoo.i p4Kumoii.cwi .u.pwndwd « PWS. ..na ^rv»v-i 
munitorcd ror 15 Oayr. 1» a *=cunJ >erie> ot cxpcT.iiW.li*. fiToup> oi m.Ce were 
u^ M kicd wut, 1 .000 CPU oj AOO.l ^wApe.tded ut ltf> ^ of HUS mMMMuAC HJ* 
i>ypc*immu*w ^ium ^pocdic fur l' 3 *A. I'pmA. P^V oi Tynv 1 PS ji l »S. 
SufViv.il of nnce wa> rni"ii«>ieJ lor iS day*. 

Sl*in*ucaj a.iftJy*^ t'ne Fuhcr ^a^i te.r wa» u*-0 iu Cumpa, u ovc4 Jll *uT*t*ul 

r.,te» for ,n«cr Mimmuurcd w.th mSa to Uiwnc oi mice .mn.u,i*rd v-nh K.-a. 
I'pmA P>pA. wr type 3 ^ The >;irrw »uu»t*i4 .m..ly^ a were perform*! «m 
«val UJ ie J,ire.cncc« m wvuall «Hr\***l l4tc^ to. m>vo pn«ivcly imibMiuxcd with 
juoleii >^r^ Uo.n M>A*miinuniw4 JTnc*. vvr^io p»— 4-ely immunized w,m 
jiMJkd mmiune a-u f»r Pwa PpniA. P>pA. of (ypw 3 PS VaUe> *crc 

CuuMuorcd «Jffc4*^l> ..6»itiC»».t si «v P value ^0 0i t Iwii-iaUcJ) 



RESULTS 

presence vf jieltCieO pncuiiiococcni geneb in S, pw^iwi. 
isolate*. PCR ajnphti^Tion was used 10 cicn\«n&lfaic ihc pio- 
ence of genes encoding me pncuniococctti proteins psuA, 
PpniA, and P*oa m 12 isolutcs of S pneumoniae (Fig. 1). The 
iriree gencN dcittomTTaTcd iru: range of variability Known to 
exist for nucleotide .sequences encoding pneumococcal surface 
proteins. Cartas corre^>Oiiding to PsuA, PpmA, ai;a PspA were 
detected m uii strain^ of $ pnewnunitHi anuiyzco*. PCR ampli- 
iieaiitm wan primers spceiik Jor ls»A drat PpmA cXfiit?ileU 
single banoS ot identical sae (ca 9i)D op for cuch gene) in all 
sirains, wnilL- PCR, a.nplificai.oo wuh PspA specifiL pruntfe 
cxInDitcd band* of different sizes from tnc different $ prxu* 
,noniai' sir-un*, ahhou^n 50% of the strains showed a predom- 
inant band approximately 1.2 Kb in slice. Tnesc result* support 
me notion thai p**A and PpmA are htghly conserved at the 
DNA level, whereas the PspA locu* exhibits the previously 
reported sue variability from strain to strain (19, 4d) 

Expression and charade Fixation uf riJCQmbmani pneumo- 
vuceal prou-iris. All three recombinant proteins were recov- 
ered in the soluble traction of the £. cult expression strains and 
wcte puiilied to near homogencuy by mcml allinuy cbioma- 
tography Recombinant PsaA, PpmA. and PspA were charac- 
terized by SPS-PAGt (Fig- 2). P^A and PpmA migT«ieu in 
SDS-PaGE gels according to their prediacd moieculai massed 
(ea. 37 M3a for each prolein). fPapA nppearcd to be larger 
man it* predicted molecular mass (75 KDa versus an expected 
mass ot 47 kOa). The reason tot the lack of concordance 
between the apparent and actual sizes of PspA is not known 
out has been prcv,ou*ly described for other P»pA gene* ca^ 
pressed by S pricu/non^ (53), as well as a recombinant PspA 
gene frwfciment cxpt eased by ttumca st rovar T>pnimunum 
(32), Each protein was used to prepare polyclonal mouse an- 
tiscra by repeated moculaiioii of mice with each respective 
antigen emul^fied in IFA tor use m Subsequent mvmunoassays. 

Charactcrixaiton of protein exprt?s*ion in pneumococcal iso- 
lates. Western blot* were used to demonstrate the expression 
of genes encoding PsiiA. PpmA. and P>pA m lyawtc* of the S 
pnvLitnoruatr strains listed ui Table i . AntiSeia spccibc tor PsaA 
or PpmA reacted with a single band of ca. 35 IJDu m lysates of 
all of the strains of 5- pneumuaiue tested (Fig. 3A and B) The 
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CT*Wc i> T.om which geruw P"* t W for 45 «. and WC ioTi min, »d fk»ifr 

Auu i hy uJng h^lkScJiv ^ polymer,.. (BRL). whicli wcrv cloned and e*prc 
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FIG. 2 KcrtmDilUifti (A). Pp:»A (B), ana PspA «-) protein* 
frua. V pucuwta* >ir*m Afi6 i wejtr Cloned, cxpfrod. * ,£j pwnUcU 
iroju * coti lysines l>> hiCHI ;UhmIy cniiinwuigrapny. Tlic pioicins 
„ B p cr unc) w^c ,ubj.-ca-a to SDS-PaG£ *u<j detected ny mrcct 
jr;nnm6 wifh t oopuiwie rmllUpr blue. Appoint .nodular s.ic murK- 
ors (, n kiiodnlunw) arc indieateq. These purified rccumnmaiu pmiews 
wciu u*cd to prepare muusc polyclonal diiuscrs >pcolic ior Uoa. 
PpmA. jnd PspA, respectively, tor use m >uD:^qi4em unjiiu«oiu 6 iCaJ 

.lTI«'tykC« 



unriscra did no* react witn a lysate of S. cniwu serovur iy 
ptamunum which was included as a negative control or with a 
lysaic of the untranstormcd £. colt egression win irom 
which the recombinant proteins were purified (data noi 
shown). It was clear thai tne two antisera did not crosweuct 
with noncognate molecules Since Western Dlois of the recom- 
binant proteins (fsaA una PpmA) shaded no cro*s-rcttcriviiy 
using the same antiscia (dat* not shown). 

The P*pA-specjnc antiserum reacted with scveial Bands m 
each S. pneumoniar lysaic (Fig. 3C) The PspA-spcone anti- 
serum did not react with a lysatc uf 5. tutencu scrovar Typhi- 
murium or with a lysatc of the untransformod E. exprcs- 
i(On sciam from which the recombinant prolans were puntied 
(data not $nown). 

Our observation that tlic Ps.pAs of different strains are of 
different si2es is consistent with previous results (10, 49). These 
differences arc in large part due to large differences m open 
reading frames of different PspAs (19) in the present study 
and in previous studies it has been observed that individual 
PapA* can yield multiple bt»nd*. These additional bauds iuc 
Uuc in pan to the fact that some of the PspA molecules from 
some strains migrate in the SDS gel as dmiers, while the rest 
migrate as monomers (44) The hclCrogcnciiy u» the size oT 
PspA from a single strain i* uUo thought to result from limited 
proteolytic cleavage that inev,tably occur* during Mimpie prep- 
aration (44). There tire aUo datu that, undt-r sOuic clrvum- 
sianccs, there can be some cross-re activity herween PspA and 
PspC which may result in addiuonal apparent heterogeneity 
(0). Another anomaly with PspA migrut ion on SDS gels is thar 
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uvnvcd fruni >Xfam A66.1 coding sequence*) us. po-nivc coruiois *">vai «ypnim«» « y ^ ™ ^ ^r- 



.r« m « L r* q A6b and die Mr dc^rihod .0 T*t>lc i *nd mdnrjltrd hy ItlciT wroiypc* fclc a rop Horded pnnciA* were 



a fid 5". pntHmuruuc ly>4tCo 

Miki>IT>te Apparent molecular mac nluTKcns in kiludaHon* indicted. 



lhc p S p A monomer apparently retains enough rigidity that ii 
commonly * un* soinewrun larger than would be predicted by it* 
actual molecular mass (53). 

Surtax exprrssu/q or amisens in intuei- $ pneumoniae. We 
were mtcicsled m investigating ihe abiliry ot sera raised against 
>cicct pneumococcal turfocc antigens to bind to the surface of 
intact .v jjnet*t7utnnte initial comparison of the surface binding 
of aqu-PsaA, amvPpmA. ant*-P*pA. or anti-PS to 5. p/iru- 
//jcw«e >iram A6h.l by flow cytometry ctudirmed our previous 
finding (17) that PsaA was not detected on trie Wace of S 
pneumoniae siram A&6.I, wnilc the binding of anti-PS wxs 
readily detected on the mrfuee of this strain (Fig. 4). In addi- 
tion, the binding ot anti-P*pA to trie 3 urIaCC of stium Aoo.l 
was readily detected. wherca* »nu-PpinA *j«d not exhibit any 
apparent binding to the surface oi &ir«m Auti.i (Fig 4). 

Wc subsequently used the same surface unmunofluoiesccnce 



assay to demonstrate that nether PsaA nor PpmA are accessible 
to antibodies on the Surface of I 1 ChnJcai isolates of S. pn*u- 
rnonku of the indicated .crOTYpes (Fig. 4). In contract. PspA was 
readily delectable on the surface of 1 1 of the 11 clinical isolates of 
S pneumoniae tested (Fig. 4). The low level of binding of an?»- 
PspA to the surfaces of the types 2 and 3 5 pneumoniae strums \C\ 
the present Study couJd be the result of the known Heterogeneity 
in primary *cquences of PspA that can result in » low level of 
cross-reactivity of some PapAs with an antiserum raised to a amgJe 
PspA (45. 48) (in ifus case a family l PspA from stiain A66.1) 
Tins interpretation appears to De supported by our demonstration 
that ihe PspA genes m these two strain* belong to family 2 (Table 
3), which »s generally only weaxly eruss-reacrivv; *ith antibodies 
raised against family 1 PspA (48). Taken together, these surface 
imrnuAoftuuicWcnce studies confirm ih<u PspA is highly acccssi- 
blc to «mtibodic> ai the surfnee of the intact pneMmococcu* (I), in 
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u fashion analogous to capsular PS, whereas PsaA and PpmA arc 
not readily uccvaaibic to antibodies under similar experimental 
conditioas 

PmteeCiun of liALB/c mie* rrpm MnuJ systemic inreciiun 
with 5. pneumonia*, in order to ocicrmnu: whether me acccs- 
>imuiy ui antigen »o <mt>bodics, *s assessed by flow cytometry, 
predict ability to elicit protective humoral immunity, n scne* 
oi challenge experiments were performed In the first series or 
CKperimcms, mice actively immunized with pneumococcal sur- 
face- antigens were cnajlen^ed ip with ca 500 CMJ uf S 
pwutnoniue strain a(»6 i (type 3). Mice immunized *uh MSA 
M:rved as nc^ai.ve commit, ana mice irn*nuni*:d with type 3 
I'S >crvcd as pu.-.u»ve cumrub. Micu immunized witn either 
PspA or char homologous iypc 3 PS were Sigmrkamij pro- 



tected, whereas mice immunized wi?n either PsaA or PpmA 
we*e not effectively protected from Systemic challenge with 
virulent £ pnttwrnae (Table 4) Sera obtained from immu- 
nized mice 3 days before challenge witn live pneuxuocucci w*re 
individually tcsicd Dy ELJSA for the presence of specific ant.- 
body to the respective antigens used tor immunization. These 
data eonfumed that each mouse had high titers or antibodies 
tor chch of the pneumococcal antigens administered (daU not 
shown) To demonstrate that the observed protection wa* an- 
tibody mediated, groups of naive mice were passively immu- 
nized with ani»-MSA, anti-PsaA. anci-PpmA, ann-PspA, or 
ami-PS. either 24 h prior io challenge or tu the time of chal- 
lenge with virulent 5' f/ucumoniue strain A66.1 grown to lo^ 
phase. The results were smuiai whether the mice received 
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wrum Lit Che lime of challenge or 24 h pnor tu challenge: and 
nave thercturc been combined m Table 5. Only mice that 
received anu-PspA or anti-PS were significantly protected 
jgairut homologous enallcngc wan virulent 5. poKuMtOMUr 
>cr «iu A66.i. whereas mice that received anti-PsaA. anti- 
PpmA. or pooled sera from MSA-immunizcd mice were nor 
piotceied against challenge with A prwuinontav strain A66.1. 
These passive immunisation experiments suggest a direct re- 
lationship between antibody accessibility to antigens on the 
pneumococcal surface and protection against systemic pneu- 
rpovocivd infcetion- 

DISCUSSION 

Antibodies 10 capsular PS represent the de facto -gold stan- 
dard" for vaccines against S. pneumunM* infection. Antibodies 
rtgamst capsular PS are highly protective against involve pneu- 
moeoccai discu.se and. when present at the mucosal surface, 
appear aiao to be effective at reducing the carnage of homol- 
ogous or cross-icactive pneumococcal siiajns (13). The pri- 
mary host protective mechanism ugam*t systemic pneumococ- 
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TA»Lt 5. Protection oi UALb/c tmcc .>ttcr pa»*ivw- nnmunaaiiou 
w»m imtnaric ^crunt io pnewtn^ccw-Val jiiutfcnv 
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caj infection U generally believed to De opsonopbagocytosiv 
wruch is facilitated by antiDodie^ to surface antigen> (24). 
based on me*c observations, we su^eit etui amon^ suiuhle 
candidate for vaccines against pneumococcal invasive di 3 e«>C 
should be tintibv^ay-acccSMble antigens capanlv: of supposing 
opsonization, aJthouen it i* conceivable that protein antigcnii 
couia elicit antibodies that protcci agamst the pneumocoecus 
on some otner baitis (e.g., antagonbm of protein function or 
maciuljtiort of the mttammaiory response). In (Ins legard, it * 
wordl noting that a siMlejiy loi tne iOwnUUeaUon of pute^UaUy 
protective antigens based on antibody accessibility at the pneu- 
mococcal surface ( a ueh tne s»tr»iegy ui<--d in this repon) 
would not pick up protective pneumococcal untigens such as 
pneumojysin (which b released from the pneumocowu* and i> 
not attached to the pneumococcal surface), where the protec- 
tion appears to bv: mediated by ncutraiaation of pneumolysin 
function by antibodies (3<i r 35). 

Tnroughout these experiments, wc have been guidea by the 
hypothec that mmgen> being considered as non-PS pneumo- 
coccal vaccine should, after im mutilation, be able to chcit 
levels of protection agamst pneumococcal infection compara- 
ble to tno>c generally observed for PS~ba*ea vaccines. A* such, 
wc used protection provided by immunization with capsular PS 
as the standard againsi "hich to evaluate the protective efficacy 
of immunization will) alternative <non-PS-bused) candidate 
pneumococcal antigen*. 

U U reasonable to hypothesise mat the polymorphism exhibited 
by certain pneumococcal Mirtacc antigens is attdbutabie to im- 
munological selection {i l J, 31). This hypothecs predicts that sur- 
face anngens tnui exhibit variability trom strain to itiain are 
readiJy accessible to antibodies on the surface of intact pneumo- 
cocci t*uch a» PspA ana PspC. wlncn nave been shown to inter- 
fere with complement deposition) (21. 37, a7), while bi^Wy con- 
served anogc-n^ are generally not readily accessible to antibodies 
un the surface of die imact pheumococcus. The result* of the 
prescnt study appear to support this nypothests. sutce PspA and 
capsular PS (two cx*anples of antigens that vary Irom smiin m 
strain) are readily ticveS-siDlc to antibodies in circulation, whereas 
cwo more highly conserved antigens (PsaA and PpmA) are not. If 
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this notion .s fundamentally coircci, uVn the idcul ihifd-gcncra- 
Tion pneumococcal vaccine capable of sumuUum& protective im- 
munity to the pneumococcal JiouM cuns*t of nurtures of ann- 
body-acccss.me protein variants trom a *mij.le locus (such a* 
PspA) or itum dilfcrum luci. 

Yne tliiw eviomctrk us*uy used to a^ss the suilacc occe*- 
s ,udiiy ol PspA icaflinncU previous JDservat ons dial ahhouftn 
heterogeneity exists oiflong PspA^ expressed by different pneu- 
mococcal boUta. anutxidifii rai*U w a *ing c pspA c»n cro«- 
react w.ih different ftpAs (7, 8). We were able 10 demonstrate . 
diUrrcucci .n me amounts ot PspA-specfic aniiboOy ihw bound 
io diffeient .sojato. These results provide additional support ior 
me riypoinesi* mat tne ideal P*pA-ba>ed subunit vawmc snouid 
conttt«i at tot one nwmocr of eucn ot the nuijor P.pA tmmko. 
m order to ensure the duration of piotecuvS immunity a^mst 
90% or mure of pneurnocucei (30, 39. 40, 4d.V 

We noted thai relatively low titers of annfcody io t:dp$uiar t b 
were capable of eliciting :i nmgmtudc ot protection L-quivuiem 
to or Mtgntly better than tnc protection elicited by much higher 
Titer* & umibody to P^pA in These experiment*. Although we 
did not perform u detailed evaluation of the minimum qu«n- 
uues oi' PS- oj P>pA-*pcei(ic antibudtes r^uuued to ehcu u 
protective response in these experiments, the flow cytometric 
»^uy UernonMraieU thai a lmgcr uwtmm nl l»spA-*peeilie s*n- 
upody (which had u nigh F*pA->pcCitic ant.fcody liter Dy 
FLISA) bound to the challenge strain (A**. I) than did type ,s 
FS^peedk diitiDodics. which had a em resoundingly low type * 
PS-specdie antibody titer, a* measured by El.lSA 

These data would appear to suggest that the development ot 
hSpA ai a pneumococcal vaccine should also include strategies 
mmcd at cliciims ni»h UU-i> of PspA specie anuuodics One 
such strategy would Dc the genct.e fusion 01 PspA to cytokines, 
given thin immunization of m»ce with fusior. proteins consisting 
of PspA conjugated to mterleukiti-2 or ar»noloeyte-maeroph- 
*yc colony-stimulating factor Dave been »hown iu dramatically 
enhance the unmuno^emcuy ot J'spA (52) in This context, it is 
worth emphasizing thai the advantages ottered by protein vac- 
e.ne stAtigens, such as PspA, compared to c^utur PS reside 
hot in the specific 4Ciiv,ty of the corresponding annt»od,es 
(which arc probably iuwei) but in the eiospcct ot broader 
serotype coverage and broader age-rekircd immunogemciry. 

It is uYJporfattt io note thaT. although we have demonsiruted 
mat PsaA and PpmA aTc poor vuccme targets for protection 
against systemic pneumococcal infection (at least under Ihc 
prcsent expennientnl conditions) on the b-^sis uf ttidr inticces> 
sibUity to Antibodies, other studies have demonstrated that 
mucosal immunization of mice wtih PsaA is highly protective 
a^inst pneumococcal carriage (5. 7, U, 23). The exact mcch- 
anbms of protection agumsr pneumococcal carriage aftorded 
by immumzarion w,th P>oA have not yer been elucidated. A 
mo»c levc.u lepou appeals to eunhnu the impoiiance of im- 
munity to PsaA as being protective against pneumococcal Car- 
riage by demonstrating thnt antibodiesi against P^aA umioii the 
ability of transparent strains Of S. pne«»*otnur to adhere to 
human nasopharyngeal epiOichai cells (41) 

Twu groups have spurred the icqucncmB of the enure 
pneumococcal genome (2o\ 46). and anOlner subsequent study 
icpurted tue d^covcry of previuusly unknown surface anogens 
based oti the presence of couscous surfi.ee antigen molds by 
uMng a genomic screening approach (5') The suitability of 



these new antigens as vaccine targets will depend on (among 
uther factors; their variability across pneumococcal strains, as 
well astheir relative accessibility to antibodies in circulation. In 
the present study we applied a ielai ( veiy inexpensive method 
thai can be used io screen vacnne candidate antigens, based on 
their accessibility to antibodies On the surface of mtact 5. 
iwtumutHuc (17). The results of ihese stud.es should provide 
insights regarding selection of candidate vaccine targets suit- 
able for inclusion in a universal pneumococcal vaccine, panic- 
uUuiy a vaccine designed to protect agamst systemic pneumo- 
coccal infection. 
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nucjnhiwii'C4l hacicrcrnU lufcci ImnJuii 67:n5V^nS^ 

10 Iv^ip M. J W. o. W»lmun IU J. Turner. J- YuUier, U. F. TylKmuton, 
L S Mi.Uan.cl, H M Cr«j. hna P. £ ftnln*. ivVU. Pn*".i.o0uev.»l ►-il-^c 
prul^iu A cf«pA) >cfntOeiv.»Uy U.^ily *af.^W<. w ( »0 1- e*p*.-.cu n y «ll 
wluucully import cjp»ului ocrolypw* of Sjnjpwt^W ^A-u/^m.* l«Uvl 

I l |J« n. IC, J S. S»mp*«n. W. Aa**. *- L. IlMCPner. P I.. Jut. s h 
junn«.ru M. L»pm*.. a. *. Snn>vn. P. E. ft, Ho, M. L'Mlbflc. 

Pat.nc^nwn uuo cnarwiacnzaiiOn ul Vf/*jWMCitffW ^«R*«i<**»Hrf p-lm*h>yiaicfl 
pneunu^^^ Miriscc udnit-i.. a c»ptc«.^u «i R*clmunm Vi*re.n« |H: 

U (Wl«tj K. M., I C. r«ion, s J. |J w ..c»p. *i.Q 0. J. IUn*m«n. lvSt 
A.trAvidy wpoiiAC Io p.ic M ii>OCi^l »»cCiiijTioii i» ch*Wrci. ywu.iyci ltu»»» 
live ycar> Ol J IMmU. »u I«l;l3l-l37 

11 toWMj, J 2UD0. Pi.iy^jcliaridc-h^a piieu»noMk.i-iil vwone* m» ihc prtwen' 
cio»i of ..cwui m»Ci.» mcdu VtfiTCinc |0:S78-SS2. 
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lakal* K. K»,l»iy. P. K^*. H Kunliervr. C. Nl*r, P. IL M-ihcl*, rt 
S^W." - 4 M SSTSw. » yea,. ,e.„c,,™,^ S 

SSrt.^rH"««> SCjnU J l,lfC " 1 ^ SUPP ' JJfVc n, 

Uvr i> t> i U.J. a >vt»rwio«.M U«b.nA,.*n<lN >.C.^- 

2uc>2 Sutured l mn.u,**cfl»LUy at P «,cuinQU«*.d »«jl«Cc «JJte*ii a , by 

£n«w: tu.ion cytotdus MJ cvAU.3i.on of poitf .i*c fmnuinly <n mm* 

IMS ™?*£Zr- *- r—-. ■»« C B ft«r. aiiiu Wh J; n 

;.^^c"c7,»U wv-drd*» fO, p-l i.eun.hn-HUM ... W^-n^i-— 

WdUOa. C. Zh*o. C. A. A>ok K. II. 3. K J»*i*n«>. P- K. R-4~K. 
? ^. Sw*wvd. uftd J. I Cu.».20m H*nomcor;h«Ma«cr,um ^^<«-'-' 

j££ ».. b J- itoi«>Br. p p - *^ 

iffP WW- •«* A"*»*™"» cv^w, €ompUMicm .*iuck M I «p«AiiQpli- 
tJ^cutJlv. friie-n. ^ 1 1 ot »n M J. kmnui ^>^. l««.l»»-i«J 

l.un Mi^obLul Muj Bi^l. i^cv *5:t»7-lu7 

•XiZ S k., j. K. P,^. P. I- Jac 4- S &.mp*«,i. G. M. CHrlo.,t 
kw au,.^ 2^2 l.il.jMi..... U r p» B «n.ocucc.n «nMf> hi n y ^uiu- 

luluo. M U.. A. Vv,na»w.i pigft^uiMu. P. J^HImiiui. W- r. iWMfr 

m'couI V.n«rtinB.N.J«.f;f«A.v»fl. »•« J-K. Waiter iw.* 

„nJ tVcII immune r«» P i>A-c* .a H .,cumvwucc»l .hpjhb-ic^iuc. : 

T^i^^miUn^l S. Iv. Hu,^«a. pna U £. B^^f- 

M^v j. r;. llUid, ^r,,n, \i. Su* ? m n. *-«ia.pj-. -na J. R. 
Sm.« lB C ,uh.U» mad* u, oaCtcn,! pOl».^li-i.flc* II l**ie**l — 
l B <J3 JufccCicJ Uy .ntluwiuo ot .n.I-Huly.-wvh-r.dc l C t't J toTru,K>i 

^lic^ m.,„ f^.hes o pn r r; ; ococca. ^ 

Uc pto^ui A (K*PA) .nJ quelle a.vcioiiy r.p,tJci0»ul. Ihl^i |32.iT7-lt*. 

Clk a IC a. V,bbv. K. C la.C. L. S. U- £. BMu »od K- 

CmwI 111 IWS A Uw- tccumftmuni 4v,rMl«:«. s*«l bniflK.n-11- v.rv.A« 

h?m,« 'w« ImuHifliMmaii oi mice w.ih t oft l0l Auh.h.> ^ fH^'i^" 1 
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l\PfiCT. IMMU^. 

0„Mn» V ;. A, u.. M. C Woo^», J- T. K^liu-a. »n0 4 C. Pau,u 2001 

3ft 0^r*«s. A. *^rf. M SiM^r. M ti. J*cK*>u, P- J. M.^.oll. A r Oi 
JuAi it a b Cruw, -nn P. vv. mvnui^ 200*1 Hie puuu.u p.oicnw^ 

p.oic.n *,lh por*nriU io cl»^ ,notc««-^ „ unc r*f*»»«- l » rcCt In,mMfl 

' p.pAai'idanurH^ic.tuPNpAon .K^i^i.ouanuap^iunurco.npicriictuuu 
IMc pnewfTKieoecU ^wrfuoc Infect lAimwii. 72. 1 
3« Robbin*. J. R. A**lf*n. C J. U* Si. C RabiuBh O Scfi.fmrt.u J. IKn- 

cjp-Mt^ pulywtfttiariilc witft «»T.pnii.u mc LTu^-rc^cCvc i,p»* 

"Q Kuvhe U., A. Il4K*t-*«^>m 5 ^. |iul!iPjl*ll«»<l. O- Hfil** Kc* 

oon» ut pi»pA/'£F32sft Uc*i obk io chca pTiHcctiun jjw»ui Suvpt<*coicus 
ZmiOuiw »f ^ <»" r ' nc "feaiun mono inicci »n»»» u " i ?, - ,lJ ^ ,(>4 i;^- 
4Ci Woe. n. ( h i^a, l. S. McUun,.!, a. l«»Un.->n. -ad U t. 201)3 

i,„iiboUw^ to P»l^A to p.iMcci -ts*...^ ujpvwiar type 3 4hU birjin* Arnv> 

M aum.rw-M^.*er, T- mn*»*. i ^- S«wp^a. S. t. J«PP^>n. A- M»n«un, 
r f m C^nomr, aqo G. W. Aflu*. 2»«i3 hihihition or ^.cuniM^icoil adhcr^c 
u, human iih^ph^ryniicd c p.»^t,4 hjr -.u.-P^.A 4 .it.bi>.iw> I h« 

>2 imp»on J AZ- l-urluw. A. M- Whunej, U. W.H.^m*, K. F*vW;«i». Ona 

tfl ic,m« in tielU iri^l. PcJmit UtU« On. J J*^*^ 7 1<1|4 . 

Ai«W otVcumcKOCttt P»P^ t n lCT Oh c . ft iQ & eftc.ly in «OS p^^mdo 
t cU trie ^*>o*:*toiiun nr ^.ih u»u cell m»mbiunc. M«;rob ^h*»ji 

45 "ru k'c L. » M*:U»n«l. M. a, K»lph, rti.a l>. fc- write-. T^uuw^a 

jy-.ii>! pn^wmueoCwrtl CliillcflS? iti miLX j. InUcl Pw. |73.3bt>-^0. 

j. R T. Ov^. " *« * J U«o-in a S. DhAm M. 

C*ia«, J. F. kirtmiay. W C. Nu.un. J. U, 4-tii-rtwii, I- a. Um*jrdiiu O. Whiu, 
s l_ 5«unw&, M. R U*i-. U. H-.a»nr, i: nuir-uippic ti Know a. M. 
Wuir, I*. R. UlKrt***, C. 4t4«.en, t. A McUunoKI. T. V. MM*** * 
A..,;iuo4..T. Dickinson, It. 4v U.v^y, I- E. UmU. i*. J. P. V«ni„ n- O 

Sift.ih, J C. VciH*r, 44. A. PMutflaviy. I>. A Morten, S. K. Hu|tiP^i»iHk 
una C M. f r^r. 20»J1. Cumplnw Kwi.omc- wJmciilc oi ^ -iTaicni nubu ui 

4? fu, x ti.. K. L. i-uiKnam, M- a McCrvr,, U. *r,|p., w,d A. J- 

ri «:umi^.a:«J ourt^v piu.c.1. A ...Hibiii wompicrairni 4Luvdtiun by w^- 
etm* tint*™*** 1***+* muftu.i. oT.Q720-47^ 

»tiv»4, 0 fc. 200i KaLumwcoCciU >wtT«cw pruUit» a oi jnv.iw. 

v/«p/orf. t ru M ^«' 7 '"'" ac imiUi^ Trom Cnl»«Pb*n cn.l4»«.i tnier tf UiicCt 

4V Wuiim!n""w. h |l.. U. Mcl>«n.vk U. M. t««>. miU U. £. b««k*. IWU 
VariaLO*. ifl ih* i.U>|caa4. *cjgM l>T l'»p*i (pneumococcal * H |T«iCr p^»i«ii» 

AJ an»wT^^rt7/iP*^.^f«r«iii" r. M.wn.11 P..ihv B 

wmu^.V. u.. M. M. *«r^. j. Hnflk,. U 4U lur.j-n, N- Mfflwa. 
i^^nnu. A. RL-lnprta, P. R. C«3i»ii, T. Pil^hnli. 0. J^m. R. R- *«^am 
J |i Jtircca*^ A S^Mcn*.* 200? fwrncn .nv,>»vo ,mtu nw.cv.il 
Ji^^**. alivf ihv .ptrodw^n ^ piuU.n.poly^icch^iJc Cuftjwj^u vuuwjnw 
N E,tsl J. M^d 34«*J7J7-|740. k 
51 >Vl^m4nn. T. M , J H. llwnncM J« fc. a«*i.oi*, A, I. tAr»n, C M. 
C h Cr.ui, tf C Unr*»n. C. a Rui*iv K. R. M^-wrt, t.T H wm4.icn. A G4>k. 
V a! Br^n, w. W»i*n. P. Wmu R. 4^tbi»r», M Jm.tfcon, S ^"f"; 
ro^nru S- Jottn>^>, ^no B. KiMjalft. »KU U.c ul .t wbo|c ^rwintc uppish to 
idcuuiy vaccuic m^-ulc, Jlurttntf pTotcCUo,i dgoinM AiKfiKKO*** 
uujHttte iflt=ci»fci»i Intw-t |nim»>n. b9 13lrt-iSviC .... 
VV«a».ii.iL C , U Gnn^tru. l>. C. l>4*lu*. i>. I 1 - ». iie«. U. * MeU»»n«:l. a. 
Ul9 m, 1.^, <% M Sunppcr. «nO J. J Moad. Invh £rth*in^J piuiGirii^ 
j,,ll.l«jjy rwtiun,c> to P«|>A mlun.iMl .u&Cui.mcou.* injMMdMte t/r 

P M ,A fi c.icinl*»y l««d *. v*»iiU-Ky\*'H™Ci»P**V 00l0ny*ua.«lut.iiH Uclui 
v„ »i.trivM*4i-2. inlpct inmiwn ft6.t5i3-lS2l> 

vtruwr j C l-.iiana-..int..iintiu t «rii«. ^unc^-atom^vrr^oA 
' " it, m *xl *ccre«i3 from Stfr^^i Hi /vir W .A.«mif ^na chc.r im- m fu..C\«m4l 
*u,dici» anu cion.ng «r «.c j &^i.u|. i74.ft|0-bib. 
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Editor: J. D. C'icmcrtts 
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